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3 NEW PUMPS 


make Worthite your broadest choice for corrosive applications 
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aS a twin \ te liquid end 


New Vy , Pump Available tn bot im water jacket which serv o either heat 


mounted and Monobloc designs, the %* cool the stuffing box area is an integra 


pump is designed for continuous, 24-hour part of the stuffing box he: 
service. The rugged frame and shaft can be disassembled fron 
is actually the same physical size as tl disturbing the volute 


larger 44" and |” pumps. All liquid end piping. Separate support 


parts are precision cast. Oil lubricate liquid end facilitate the dis ssembi : WORTHINGTON 
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A look at practical results forecast by work at many colleges 
INTERESTING TO NOTE 


COMING NEXT WEEK 
DEVELOPMENTS TO WATCH CONTOUR WEAVING GIVES 3-D PREFORMS Os a Campman 
WHAT'S NEW IN RESEARCH This fiber-reinforcement method is tailor-made for irregular shapes... . 


FROM WASHINGTON 


THE ENGINEERING WEEK 1960 ASME DESIGN ENGINEERING CONFERENCE 
APPEARANCE DESIGN Day-by-day schedule of topics, chairmen and panel members. . 
READER TO EDITOR 


COMING EVENTS 
weed tei ineen STATISTICAL TOLERANCES—SET THEM FASTER . . . M F Spotts, Northwestern U 


“Natural tolerances” keep number of misfits small, predictable 
HORIZONS 


PRODUCT DESIGNS 
SIGNIFICANT COMPONENTS EQUATIONS FOR CIRCULAR-ARC CAMS ... J S Kahr, Nordberg Mfg Co 

DESIGN LITERATURE Mathematical procedure gives exact values; applicable to all cams.... 

CURRENT REPRINTS 


ADVERTISERS INDEX WHEN INSTRUMENTS NEED FEET... F W Wood Jr, Vitro Labs 
READER SERVICE CARDS Sketches show many design alternatives ye 





FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


: Japanese claim resin tougher than Delrin. ... 
Surplus uranium bids for alloying applications 
New carbides promise faster, closer tolerance cutting. 


MECHANICAL: New prime mover ready for test 
Combination bearing-clutch transmits torque, carries load. . 
Variable-speed transmissions give linear speed control 
Rod-wiper seal removes mud and tar 
Indicators spot minute amounts of corrosion... .. 


ELECTRICAL: Fins provide better heat dissipation for electron tubes 


PRODUCT DESIGNS: Small plastic car proposed 
Automatic machine forms, fills and seals bags... . 
High-speed printer puts cathode-ray tube to work... 


PROCESSES: Less lubrication needed with this high-temp approach. . . 
Molybdenum casting accomplished at Bureau of Mines. 


GENERAL: The suppressed machine—how a good memory aided US textile industry. 
Rockets, rockets, but which type is which?—a guide 
industry attracted to South by university research group... . 
New machine pressure tests materials above a million psi. . . 


PRODUCT ENGINEERING - MARCH 21, 1960 





Armco “Ads” are not Born in Ivory Towers 


Because of the many “ads” you see in the many magazines 


you read, we thought you might like to see how an adver- 


tisement is prepared at Armco Steel. 


The men who write Armco advertisements are not sky- 
gazers. They get specific information from many sources. 


It comes from customers; from Armco salesmen, and from 


1. Writer in Armco’s own advertising department 
probes for information with an Armco market 
specialist. When possible they use a factual 
account of a customer's experience with one 
of Armco’s special steels. 


4. Back with his typewriter, the copy man goes 
to work. His ideas and the facts he has gathered 
are ready to jell. If all goes well, he may write 
an “ad’’ in a few hours; others, more compli- 
cated, may take much longer. 


After an 


a “screening test. 


2. Next, writer confers with a product specialist 

a person who keeps in touch with the tech- 
nical aspects of a specific grade of steel 
There, he gets a refresher-course on the prop- 
erties of the grade 


5. When satisfied with his effort, writer has 
script typed and gives the text to Armco’s art 
director for layout. Supplies pictures—often gets 
better ideas for illustration from head of staff 
or one of his artists. 


Armco advertisement is written, it 
five to fourteen specialists are 


list are Arm 0 Re sear h Engineers 


marketing and product specialists. 


must pass 


* Depending on the subject matter, from 


required to review and 


approve the advertisement before it is released. Last on the 


the most critical of all. 


3. . . . or writer may visit a customer for the 
information he needs. More often than not, he 
departs with a note pad full of information 
facts about the performance of the steel in a 
finished product 


6. “Ad” 0.K.? Far from it—it’s just ready to “run 
the gauntlet.” Research man is one of many 
reviewers required to check copy and layout 
correct where necessary, and initial approval 
Only then, ‘O.K. for Publication. . . . 


This isn’t the easiest way to “get out an ad,’’ but we're sure it’s the best way to give 
you helpful information you can rely on. Armco Steel Corporation, Middletown, Ohio. 


be om 
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Armco Division +» Sheffield Division » The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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descendant of Lady Ann Mowlson (maiden name, Rad 
cliffe). Whoever he is, he’s in line for several hundred 
dollars from Harvard. Harvard has a long list of such 
family-name endowments, and there aren't enough appli 
cations from eligible candidates to fill them. Even if 
you haven’t a money-winning surname, there are many 
off-beat scholarships to be had. Worcester Polytech has 
an award for a student possessing “Yankee ingenuity.” 
Pembroke College has a fund for a “non-smoking, upright 
and needy girl.” If her lips have never touched liquor, 
she is eligible for a similar reward from Cornell University. 

I'he occupation of the student’s father also can help 
Engineering or liberal arts students at Tufts (Medford, 
Mass) can get awards if their fathers were fishermen; 
farmers’ daughters are preferred for a scholarship grant at 
Carleton College (Northfield, Minn) 

But colleges and universities aren’t the only groups 
handing out money for educations. Aside from local and 
business scholarships, the government has been paying 
out more and more each year. Through the National 
Science Foundation (see p 43) the government is trying to 
help eligible students get a college education. 


He Carried a Machine in His Head 


Although there have been many 
refinements in weaving, from hand 
looming to present-day contour 
weaving (p 47), the principles of 
loom design have not changed 
basically since the first one ap- 
peared in Egypt about 3000 BC 
Looms of this early Egyptian de- 



































sign are still being used by no 
madic people in the Near East 

In Danzig during the year 1661, 
a loom was invented that could 
weave 4 to 6 webs at a time with 











Variable-speed Motor Drive 


under load. 


steel-and-aluminum cylinders. 





NEXT WEEK IN PROUCT ENGINEERING 


Inductive “reactor” and a capacitor combine to control speed without slowdown 


Air Preforming with Matched-metal Dies 
Whether you preshape the reinforcement or use flat mat, air-deposited fibers 
are the cheapest form of glass you can build into your part. 


Elliptical Gears for Cyclic Speed Variations 
Like other noncircular gearing, they offer advantages for high-speed operation 


Design Focus on “Tremendous Trifles” 
Acceptance by the public will depend less on broad design concepts than 
on the attention you pay to incidental features and details. 


How to Find Thermal Stress in Two-ply Cylinders 
Graphs give tensile stress at mid-length and ends, and shear stress at ends of 


out human aid. ‘To prevent this machine, probably a 
ribbon loom, from economically injuring the impoverished 
worker, the Polish government suppressed the machine 
and killed its inventor Less than one hundred years 
later, the English Parliament passed laws forbidding th 
export of any machine parts, plans or models. Their put 
pose was to protect what was just becoming the most 
profitable monopoly in the world—and the laws were 
successfully enforced for a time. 

Fortunately, this English law could not restrain a 
21-year-old master miller named Samuel Slater from 
memorizing every detail of the Arkwright weaving ma- 
chine. Disguised as a farmer, Slater sailed for America 
with the plans of the Arkwright machine engraved in his 
mind. He settled in Rhode Island where he succeeded 
in duplicating the English machine. Within nine years 
of Slater’s first machine, Eli Whitney’s cotton gin enabled 
America to process from 5 to 35 million pounds of cotton 
1 vear. This coincidental invention made available so 
much cotton for weaving that it became profitable for 
Slater to build and later expand his mills. He became an 
industrialist and is rightly named the “father of the 


American textile industry.” Benedict A Leerburger Jt 


\SIDELIGHTS 


An interesting little booklet published by American 
Airlines lists these statistics: Only 22% of the US popu 
lation has ever taken a trip on a domestic airline. Autos 
of all trips of 200 miles or more. Of 
those who fly, 50% earn more than $10,000 (true of only 


)oZ 
} 


are used for 75 
of the population), 74% are executives, professional, 
or technical men—and they fly on business. One more 

15% of all air travelers take 64% of all air trips. Apparentl, 
flying is an occupational disease, and habit forming as well 
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IMPROVED GEAR 
ACCURACIES 
MEAN HIGHER 
SPEEDS, 

LESS WEAR 


With today’s demands for | 
proble f 


2000 HP Philadelphia HI-SPEED Increaser 
drives man-made hurricane... 


Wind tunnel testing of missile and aircraft models at supersonic speeds 

nds exacting performance and extremes of endurance for all equipment wine * 
| Aeronautical Laboratory, Inc., this 2000 HP Philadel PHILADELPHIA 
sa modified jet engine compressor for developing tunnel GEAR CORPORATION 


0 mph. Operation is on a continuous, round-the King of Prussi a 


at 
ied periods of time (Suburban 
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SEALMASTER Ball Bearing Units give a decided quality advan- 
tage at no premium in price. Exclusive SEALMASTER engineer- 
ing features are designed to provide years of efficient 
performance. SEALMASTER’S diversified lines of bearing units 
enables you to meet all types of bearing applications and 
specific mounting arrangements. Whatever your bearing 
requirements may be, with regard to quality, performance, 
load or economy, you'll find SEALMASTER has it. For full 
information on SEALMASTER Ball Bearing Units, including 
the new low cost ‘'L'’ Series Units and ‘‘L'’ Series Units with 
contact seals, call your SEALMASTER factory sales represen- 


tative or distributor, or write direct to the factory. 


SEAL/Y\ASTER. 


SEALMASTER BEARINGS A division of 
STEPHENS-ADAMSON MFG. CO. 


9 Ridgeway Ave. * Avrora, liilinois 
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WRITE FOR j 
CATALOG 454 ° 
and BULLETIN 359 
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Standard-Medium Duty 
FLANGE UNITS 


Normal-Standard-Medium Duty 
PILLOW BLOCKS 


FLANGE CARTRIDGE 
UNIT LP PILLOW BLOCK 


— | 
| 
| 


LF FLANGE UNIT 


LOS ANGELES, CALIFORNIA @ CLARKSDALE, MISSISSIPP! © BELLEVILLE, ONTARIO 
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Air Force expands sheetmetal program 
Greater availability of refractory metal sheet and more data on 
as Air Force sheetmetal-rolling project gets into high gear 
Already sponsoring a major columbium development effort 
ning to open bids on rolling of tungsten sheet. In general 
Patterson Air Force Base, the tungsten program will follow 
that for columbium: First, basic studies; second, production 
degree of purity, and metallurgical studies of their structur 
sheets in thicknesses from 0.020 to 0.063 in., fourth, rolling of 
lhe columbium program is now entering phase 3, with Cru 


tractor, and two allovs under test 


Japanese claim toughest plastic 

\ resin tougher and more heat resistant than the acetal resins (PE—Se] 

now nearing production in the US is claimed by Seize Okamura of Kyoto U: 

l’'urthermore, he says, they are just as resistant to friction as the US materi 

hould be especially desirable for gears, wheels, and machine part 

Like the US material (DuPont's Delrin), this plastic, too, is made 

hvde. But Okamura says his process is entirely different. From the de 

rather fancy system. First, formalin is dehydrated, then mixed with a spe 

cooled below 100 F, and exposed to gamma radiation (Cobalt ¢ 
onds.”” Nevertheless, says Okamura, the material can be produ 


typ Plans for commercial production ire now being mad 


New design for high temperatures minimizes lubrication needs 
Rolling-clement bearings lubricated | 
that makes “‘self-lubricating”’ be po 
ind kK. E. Bisson of NASA’s Lewis Rese 
\cronautic Meeting The bearings repre 
term research program on high-temp beari 

In tests of 75mm-bore ballbearings, at 
of 1000 and 3000 Ib and oil flows from 10 
ings would operated successfully even at 500 |} 

No lubrication at all is required when graphitiz« 
because the carbon compacts generally have low mechanical 
have not proved satisfactory. But, a new 20mm-bore bearing 
races Of M-10 tool steel and spacer buttons of carbon 
successfully in air at 1000 F, at thrust loads to 105 lb and speed 


eee 
; ayy: 
©0000 ©0@ 


CARBON BUTTONS at rubbing contacts make it possible to operate bearing witho 
lubricant at high temperatures, yet get around design problems posed by the material 
inherent lack of strength. Bearing assembled, at left: disassembled 


‘ toht 
i ig 
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DEVELOPMENTS TO WATCH... 





continued 





Stronger steels, better bearings with uranium? 
Reports on research programs stimulated by the growing stockpile of depleted uranium 
are now beginning to come in, and one of the most promising areas of application 
seems to be in alloying with both steel and nonferrous metals 

Uranium as 2n additive for steel is not new. Uranium steels were made even before 
World War I and showed great promise as tough armorplate and gun-barrel metals 
But production problems developed and they were swept aside. 

Now, interest is being revived and research has begun at a number of laboratories 

The Canadians, faced with large oversupplies of uranium have initiated a series 
of studies indicating that uranium additions can markedly improve the tensile strength 
of steel. 

Research in the US indicates that adding as little as 0.3% U to steel results in a 
marked increase in depth hardenability and strength, resistance to impact, and resistance 
to fatigue. Uranium additions also make it easier to heat-treat heavy steel sections; 
and uranium may be able to replace, in whole or in part, tungsten, nickel, chrome, and 
boron additives. 

Research on nonferrous metals is in its earliest stages, but Bureau of Mines reports 
that blending uranium with lead, tin, or copper produces “a superior combination for 
metal bearings,” and a research program is underway at the Bureau’s Rolla Metallurgy 
Research Center 


New carbides promise faster, closer tolerance cutting 
Carbides that will cut high-temperature metals much faster and produce surface finishes 
on standard materials “comparable to those obtained by grinding” will be introduced 
by at least two suppliers early next month. These titanium carbides are said to have 
unusual strength-hardness ratios and much better wear resistance than previous matt 
rials, and thus to permit faster machining without markedly shortening tool life 


Now the Soviets steam their tools 

Close on the heels of the announcement of steam welding (PE—Dec 28 59, p 8) come 
news of a steam treatment for cutting tools which, the Soviets say, prolongs tool life 
3 to 6 times and makes it possible to increase cutting speed 

r'reatment takes places in a special muffle furnace with a 20-kw spiral heater. In 
its center is a perforated, coiled pipe through which the steam circulates. The furnace 
itself is maintained at about 900 F,, and tools remain in it for 30 to 60 min 

The treatment, Soviet engineers theorize, creates an oxide film on the work surface 
which decreases friction, and increases the effectiveness of coolant action 


Fins provide better heat dissipation for electron tubes 
Tube shields “more efficient under all conditions 
than those available commercially either in Britain 
or the US” are claimed by Britain’s Atomic En 
ergy Authority engineers 
aking their cue from the finned fuel elements in 
nuclear reactors, they’ve designed a finned shield that 
holds tube temperatures as much as 160 deg below 
normal operating temperature—some 50 deg better 
than obtainable with commercial shields, they say. 
rhe design is expected to be adaptable to home 
radio and T'V as well as computers and nuclear con 


NEW TUBE SHIELDS, trol systems; and Casemakers Ltd, 200, Soho Hill, 
designed in Britain, are 
said to provide vastly im- 
proved heat dissipation . me 
with an apparently simple month. Sample prices (US equivalent) are 28¢ to 
design 70¢. Material is phosphor bronze. ARG 


Birmingham 19, which has been licensed to produce 
it, expects to have two types in production next 
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WHAT'S HAPPENING IN RESEARCH... 


Who’s on first? 

Not to be outdone by the USSR (or 
the US), the British have issued their 
own list of scientific “firsts,” ranging 
from formation of the first top-flight 
scientific association, the Royal So- 
ciety (now celebrating its tercen- 
tenary) right on up to the newest 
“miracle” fibers. 

Among British such _ well- 
known events as development of the 
steam engine, dynamo, and hydraulic 
press to the first microphone and 
pneumatic tire (1845), stainless steel 
(1916), television (1925), atomic fis- 
sion (1932), and the jet engine (1937). 

In discussing the list, though, Sir 
Edward Appleton, vice-chancellor of 
Edinburgh University, sounds a note 
of warning: 

“Although British scientists have 
been responsible for many of the basic 
discoveries in natural science it can 
not be claimed that, in the past, Brit- 
ain has been as alert as some other 
countries in following up the useful 
applications of those discoveries. In- 
deed there are notable instances where 
a British discovery 
chiefly developed elsewhere. 
covery 


firsts 


been 
The dis- 
of an aniline dye, by W. H 
Perkins, in London, was, for example, 
the starting point of the growth of the 
great German dyestuffs industry in the 
days before World WarI. There was 
no corresponding development in Brit- 
ain. It 
needed national emergencies really to 
awaken us to the 


basic has 


seems, somehow, to have 
economic and mili 
tary importance of scientific applica 
tions.” 


Boron the next 
new structural material? 

A lightweight clement that looks 
like a metal but isn’t, that forms poly- 
mers like carbon, and that offers many 
interesting physical, metallurgical and 
nuclear That's 
receiving new attention as the search 
for new high-temperature structural 
materials intensifies and as the mate- 
rial itself becomes available in 
forms (PE—Oct 21 °57 p 13). 

Its name is already well known. 
Boron is found in every household as 
the familiar borate called borax; and 


properties. boron 


new 
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boron has long been used as an addi- 
tive for steel. But it’s now turning out 
to have a good many other abilities, 
other than as a highly publicized fuel 
additive. 

A report from Defense Metals In- 
formation Center notes: the high 
melting point of pure boron—above 
3600 F; its hardness—2800 VHN; 
and high elastic modulus—above 
50 x 10° psi are all very tempting 
qualities. 

But boron also has a debit side: al- 
most complete lack of ductility, poor 
impact strength, extreme sensitivity to 
thermal shock. 


Can these be improved? Recent 


research indicates that elimination of 
impurities by such techniques as zone 
refining can markedly improve boron’s 
optical properties (it’s transparent to 
infrared radiation and can serve as a 
window for transmission of some 
wavelengths) and recent crystal stud- 
ies that raise hopes for development of 
more-ductile ceramics (PE—Sep 21 
"59 p 14) may open the door for boron 
as well. 

The DMIC report, prepared by 
D. N. Williams of Battelle Memorial 
Institute, is being made available 
through OTS, Dept of Commerce, 
Washington 25, DC, as PB 161191. 
It is DMIC Memo 41. —ARG 





Keeping track of 
rocket systems 


To bring order out of the welter of 
rocket types and systems now under 
discussion, Prof Henry Burlage Jr of 
Case Institute of Technology prepared 
the diagram pictured here. Across the 
top are the four basic energy sources; 
across the bottom are the four possibl« 
systems by which a rocket jet 
finally be generated. In between are 
the many different types of energy- 
that 
the basic source into the jet 
ing lines show what goes with which 

He further that the 


may 


conversion sources can convert 


Connect 


recommends 





“rocket” be reserved for the 
ictual propulsion device in any specific 
vehicle and notes that rockets are only 
one of several possible propulsion de 
vices that might be used for space 
flight. He also cautions against using 
names that really apply only to a part 
of the propulsive system as the general 
name for the system. For instance, he 


term 


says “ion rocket” simply means a 
rocket using an ion jet as a source of 
thrust. The term 
tion at all about 


might be 


gives no informa 


the 


| 
either 


energy source, 


which nuclear or 
lar. He’d prefer a dual name, nu 
clear-ion rocket or solar-ion rocket for 


units of this type. 
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ROCKET SYSTEMS are outlined here, with connecting lines indicating possibl 


combinations of major elements 





Stability! 





TORRINGTON 
Spherical Roller Bearings Offer: 


inherent self-alignment 


conformity of rollers to raceways enter guide flange surfaces and roll nds are ground t 


oa Cc 

integral center guide flange for spherical radius. The asymmetrical rolle eeks this flange under 

stability bearing lightly but constantly against i ler wobble and skewin 

ositive roller guidance . , : 

P 9 eliminated, and stress concentrations leading to early failure are av 

land-riding bronze cages 
Bearing operation is cooler, quieter and smoother 


maximum radial and thrust 
rhe integral guide flange is adapted from the same principle used in 


capacity 
controlled internal clearance the design of Torrington Tapered Roller Bearings. It is an engineering 
electronically selected rollers refinement, based on experience in all ty pes of applications, that insures 
even load distribution outstanding performance in your equipment. The Torrington Company, 
long, dependable service life South Bend 21, Ind.—and Torrington, Conn. 











Send for new Torrington 


Spherical Roller Bearing Catalog #258. T oO BE fe b | G T oO fs B ioe A ia f at G “, 


Every Basic Type of Anti-friction Bearing 


SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE + BALL + NEEDLE ROLLERS + THRUST 
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An announcement of interest to 





manufacturers of steel parts 


Improvements in 
today’s STRESSPROOF 


WITH COPPER 


100,000 PSI YIELD STRENGTH in o!! size: 


treating. 


IMPROVED PHYSICAL PROPERTIES...better fatigu 
wearability, and resistance to atmospheric corrosion. Over-a 
quality is improved. 


IMPROVED MACHINASBILITY...sTRESSPROOF with copper now 
machines faster and better than ever. It gives longer tool life, better 
finish, and more production from a day's run, according 
production records. 


CLOSER TOLERANCES... Tolerances for rounds have been tight- 


ened to meet the need for more precise parts as follows 





TET Over 14" a 
+ .000 
—.004 


Over 2'A 


—E 














COMPARED WITH OTHER STEELS, 

STRESSPROOF COSTS EVEN LESS TODAY... Alsc 
chining and heat treat costs, and you get a better qualit 
will pay you to take another look at this improved materic 


JUST PUBLISHED! Use this coupon to request your copy of 
"Improvements in Today's STRESSPROOF Steel Bars 


Ag La Salle STEEL COMPANY 


a i sa ee 
Company 
Address___ 


City 





FROM WASHINGTON ... 











Interior Dept claims major metal accomplishment 


A method for casting molybdenum into useful shapes has been developed by the 
Dept of the Interior's Bureau of Mines. ‘The agency says this “major metallurgical 
accomplishment” is an offshoot of work previously done in vacuum arc-melting and 
casting methods for titanium, zirconium, and hafnium. 

Hollow cylinders, cast on rotating molds lined with graphite, are the most 
successful of the molybdenum shapes created at the Bureau’s Metallurgy Research 
Center, Albany, Ore. Engineers on the project think that spun-cast tubes or 
cylinders can be made on a commercial scale for industry. 

More complex stationary molds did not match surface appearance or internal 
soundness of the simpler spun-type shapes, the Bureau reports. Other details 
reported by the Bureau of Mines: melting for the experiment was accomplished by 
using an arc potential of 36 to 40 v with a current of 10,000 amp; pouring efficiency, 
after an initial solid layer called a “skull” had been formed, averaged 70%. 

Physical properties on specimens cut from one centrifugally cast tube averaged 
tensile strength, 39,800 psi; yield strength (0.1% offset), 35,300 psi; elongation, nil; 
reduction in area, nil; impact strength, 2 ft-lb; hardness dph (diamond-pyramid 
hardness) 180. Mold reaction was not evident in shapes cast in machined graphite. 

A report of the experiment—Molybdenum Casting Development—can be ob- 
tained from the Publication-Distribution Section, Bureau of Mines, 4800 Forbes 
Ave, Pittsburgh 13. 


Another federal agency adds computers 


The government's Armed Services Technical Information Agency (ASTIA) has 
gone automatic. ASTIA handles technical information requests for the Dept of 
Defense and its contractors. Up to now, the office has manually handled some 
3000 daily information requests for any one of the more than | million documents 
in the ASTIA collection. 

An automatic data-processing system is now in use. And, other equipment will 
be added this summer. Ultimate goal is to copy some 7 million catalog cards on 
magnetic tape and get a 600-lines-per-min printout capability of bibliographies 
with a full descriptive abstract of each reference 


Government patent policy faces scrutiny 


The Machinery and Allied Products Institute has launched a crusade to bring the 
federal patent policy under the public microscope. Basically, the institute doesn’t 
think the nature or the seriousness of current developments in the patent policy 
is fully understood. 

In a 104-page booklet titled “Federal Patent Policy,” the institute reports 
5 ie purposes and contributions of the American patent system are presently 
undergoing a most critical re-examination, although the character and scope of this 
reappraisal may not yet be fully appreciated by at least some individuals and firms 
most directly affected.” 

Will the future be dominated by private or state-controlled patents? That is 
a vital point that needs to be settled now, the organization argues. “The prospect 
of whole new fields of basic technology evolving from government-sponsored re 
search raises the most fundamental of all issues involved in the present controvers) 
over government procurement patent policy—the question of whether or not basic 
patent rights, and thus an important degree of control over much of future industry, 
are to be exercised by private firms or by the state.” 
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THE KEY 

TO A 
DEPENDABLE 
SYSTEM! 


Eastman 


HYDRAULIC HOSE ASSEMBLIES 


EASTMAN 
designs complete 
hydraulic operation 
for SCHRAMM 
Rotadrill 


Valves mounted in three convenient banks for each outrigger, 
forward and reverse rotation of motor, slow down 
speed, rapid down speed and for breakout cylinder. 


PERMANENTLY ATTACHED COUPLINGS 
for 1, 2, and 3 wire braid rubber cover hose 


~~ 


The cooperation of EASTMAN Engineering was enlisted in making the 
operation of this truck-mounted Schramm Rotadrill completely hydraulic. 


Hydraulic power is delivered through EASTMAN Hydraulic Hose 


Assemblies to: = 


1. Three-Speed Reversible Rotation Head: Standard speeds—44, 65 and 
120 r.p.m. with 26,500 inch pounds torque. 2. Cylinders controlling down 
feed, rapid feed and slow feed. 3. Controls for raising and lowering of mast. 
4. Breakout Cylinder. 5. Hydraulic Winch and Hook. 6. Three Outriggers. 


Dependable field service is assured through EASTMAN Two-Wire 
Braid High Pressure Hose with Permanently Attached Couplings 
providing a bond stronger than the hose itself. 


REUSABLE COUPLINGS 
for fabric cover hose 


is 


REUSABLE COUPLINGS 
for rubber cover hose 


CLAMP COUPLINGS 
for 1, 2, and 3 wire braid rubber cover hose 


Efficient power delivery through the extensive, multiple circuits of this 
rock-drilling rig is obtained through EASTMAN designed permanently 
attached hose assemblies which insure longer life and lower cost. 


ENGINEERED FOR ENGINEERS BY ENGINEERS 


Let EASTMAN Engineering assist you in planning the initial layout of 
your hydraulic system—for most efficient power delivery and lowest cost. 


Eastma MANUFACTURING COMPANY 
Dept. PE-3, MANITOWOC, WISCONSIN 
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Write today for 
Bulletin 100 and 
200 on EASTMAN 
High, Medium and 
Low Pressure 
Hydraulic Hose 
Assemblies. 


-— a oe oe © & & ee. agneoee@e@ece@er#d8tse2ee@ece@est 2 @ & 
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CALUMET & HECLA. IO 


ALUMINUM IDEAS 
“BUY’’ 
WOLVERINE TUBE 


If your company is searching for a reliable aluminum 


tube source, why not try Wolverine Tube? 


Here's a supplier with years of metalworking ex- 
perience. Wolverine Tubes’ product line is extensive 
and its adherence to quality control standards and 


customer specifications is second to none. 


You can, for example, specify Wolverine in both 
drawn or extruded aluminum tube in prime surface 
form or with integral fins, in straight lengths, or in 
time saving long-length, bunch-type coils. If your 
requirements call for extruded aluminum shapes, 
Wolverine produces them to customer specifications. 
To insure its customers of complete aluminum service, 
Wolverine also maintains extensive spinning and 


fabrication facilities. 


Wolverine’s Aluminum Tube Catalog tells the com- 
plete story—is in addition, chuck-full of helpful 
information about this modern metal. Write for 


your free copy —TODAY. 


OIVISION OF 


CALUMET @ HECLA, INC 


17278 Sewthfield Road 
Allen Park Michigan 


® WOLVERINE TUBE 
ald A Bt 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA 
SALES OFFICES IN PRINCIPAL CITIES 


EXPORT DEPT. 13 E. 40TH STREE NEW YORK NEW Y 


PRODUCT ENGINEERING + MARCH 21, 1960 





Y 


Research Triumvirate Shows How 


ration Che 


To Draw Industry South lie wiediiaall 


Raceicu, NC—One of the nation’s industries now being squeezed b 


investment 
out ba ! 


rclatively low-incom reas is pullin stiff competition from other pat equipm 


] | ) rite 
tself up by its university b the country. RTI is a nonprofit mpu 


hrough efforts by thre ci 1ona poration which will operate it wn ig! mput 


| GRANPA 


setups in North Carolina I labs as well a provide land 
iment and busin trial labs Ipu ul Donne! ul 
been put to w sa Though established late 58 ait) . ‘ rolina State - 
hence still in organizatio1 cou nuck 
RTI now operates three 
labs. One, for isotope development 
concentrates on application of nuclea 
techniques to industrial process¢ \ 
operational science lab is studying 
man-machinc¢ 
imying on 
cicnces. 
earch lab, is delvi 
inalysis of expcernme! 
i omponents, sampling 
cted to help draw nev gro ther statistical prob 
into the tat orth Ihe three schools 
exceedingly anxious t lectual inducement have 
enterprise as a substitu neers and 182 scientist 


they are working in h 


tionable 
RTI and North 
nsiderable eff 0 mainta 
tandards in the envi 
well The two counti 


| the area to fo 


FOTICS 
ot-dog stand 
that oft 


iopment 
i 


This is a full-scale mockup of North American Aviation’s F-1 rocket engine 
which is expected to generate up to 144 million Ib of thrust. The single-chamber 
rocket, scheduled for completion in 1964, will use a combination of liquid 

oxygen and kerosene fuel (RP-1), which can be pumped into the combustion perating v 
chamber at a rate of almost 3 tons per sec. The engine, used in clusters provid nillion from 


ing 6 to 9 million Ib of thrust, will allow orbiting of a 150,000-lb capsule idditional $2 
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Distinctive Plastic Small Car Proposed 


AsHTABULA, Onto—Years of experi 
ence in custom molding Chevrolet 
Corvette bodies and other automotive 
parts and assemblies have led Molded 
Fiber Glass Body Co to study the 
feasibility of a new small car with a 
fiberglass plastic body on new chassis 
designed specifically to take advantage 
of the plastic body. This car would 
be different from present European 
and American compacts. With the 
assistance of Creative Industries of 
Detroit, design studies and sketches 
were made and various ideas on both 
the body and chassis were developed. 
The Molded Fiber Glass Body Co is 
interested in custom molding and as- 
sembling the body, and are ready to 
discuss this or similar body designs 
with any interested parties. 
The car would retail for about 


16 


$1500 and weigh 1200 lb. Other fea 
tures: wheelbase, 80 to 90 in; tread, 
48 in.; a lightweight, 4-cyl watercooled 
engine developing 25-35 hp. 

Two-door car is designed for sim 
plicity of body molding and assembly, 
low maintenance and easy repair. Car 
has 10 major parts (see sketch) : 

1. Underbody panel. One-piece 
molding forms all four wheelhouses, 
completely exposing the wheels. Outer 
surface serves as finished exterior. 
Front wheelhouses reinforce the cow] 
panel; rear ones support the combina- 
tion roof and rear-deck panel. Molded 
in box section at floor fits over and 
conceals frame side rails. 

2. Cowl panel. Upper surface 
serves as finished exterior of fenders 
Depression seats windshield. Instru 
ment-panel housing is incorporated, 


and hood-panel opening provided. 
Leading edges mate with edges of 
underbody and are capped by grille, 
which allows for less critical trim. 

3. Roof and rear-deck panel. Com- 
bined unit houses taillights, and pro- 
vides for rear-deck lid. Raw edges 
around door openings are capped and 
jointed by the door-opening rein- 
forcement. 

4. Frame. Welded steel or alumi 
num box section. 

5. Door-opening reinforcement. 
Frames the door and contains door- 
lock mechanism; also caps raw edges 
of the underbody, roof and rear-deck 
panels in the door areas. 

6. Door unit. Conventional inner 
and outer door panels containing lock 
and window mechanisms. 

Hood panel. Flat part with rein- 
forcing strainers on underside formed 
to fit cowl-panel opening. 


8. Rear-deck lid. Has reinforcing 
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strainers on underside of lid, and fits 
into roof and rear-deck panel. 

9. Grille. One-piece aluminum 
stamping with headlight housing in- 
tegrally formed. Upper surfaces fit 
over leading edges of cowl panel and 
underbody, permitting a less critical 
trim of these parts. 

10. Bumpers. Conventional 
and rear units tying into frame 

The plastic 


thick 


from 


front 
body parts—0.10-in. 


would probably be 


molded 
in isopthallic polyester, which 
has a good range of properties. Per 
centages of glass and resin would be 
varied to change the part property; 
for example, the underbody should 
have high impact and abrasion proper 
ties to resist road gravel, stones, water 
and salt. Integral bonding between 
mating parts improves torsion il resist 
ance of the entire plastic body a 


British Scientists Strike in Status Protest 


Lonpon—Over 1100 _ technologists 
at the Harwell Atomic Energy Re 
search Establishment, including sen 
ior scientists and engineers, withdrew 
their labor for one day on March | in 
protest over pay, status and adminis 
tration grievances. 

The token strike, involving a great 
majority of the professionally quali 
fied research staff at this main British 
research center, proved an outstanding 
success, according to a statement 1s- 
sued by the Secretary of the Institu 
tion of Professional Civil Servants. 

“This spontaneous and extraordi- 
nary demonstration,’ the statement 
maintained, “should be a warning that 
there is a limit to which even highly 
placed scientists can be pushed.” 

Legally, civil servants can’t strike, 


World’s First Solar-powered Car 


More than 10,000 silicon solar cells are mounted in a detachable 26-sq-ft panel 


on the roof of this renovated 1912 Baker 
in the cells, which are wired together in a circuit. It 
for the energized electrons to charge the car’s 72-volt battery system 


operates from the batteries 
is capable of speeds up to 20 mph 


Electric 


Sunlight energizes electrons 


takes at least 10 hours 


car then 


Powered by a 3-hp electric motor, the Baker Electric 
Cells are similar in function to cells used 


in automatic doors and camera light meters. Designed and built by International 


Rectifier Corp, the panel has 
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produced 
previous record output from a similar panel. Mass production cost 


as much as 120 volts, double the 


about $3000 


hence they used the artifice of a mass 
application for a one-day pass to be 
taken from leave allowance 
If this had been frustrated, the ad 
ministration had been warned that 
personnel would report sick for the 
same period. 


annual 


Status, as much as pay, was 
the astonishing demonstration 
iffection by the cream of Brit 
talent. There 
it Harwell 
well—that scientific workers ha in 
adequate status 


istrative ranks, 


search is strong i 


widespread in industry 


ompared with admin- 
ind that their status is 
not commensurate with their responsi- 
bilities. The number of senior admin 
istrators at Harwell has increased 66% 
I 1958; the number of scientist 
The 
there are 


WOTK dl 


only 22 
that 


ntists to do more 


engineers 
omplait 


nscientists to strangle effort 


Calif’s Chief Seeks 
Anti-smog Legislation 


SACRAMENTO—At a special session of 
the California state ature, Gx 
Edmund (Pat) Brown will urge a 
nmendations t 
pollution 
He wants an app iation of $] 
100 to finance establishment of a 
r vehicle testing laboratory and 
sequent f f some 20 
devices which purport to 
f exhaust gases. He 
+ 


.otor vehicle pollution 
ordinate the 


charge 


state’s 
msib controlling automo- 
e pollutant 


Most controversial 


legislative 


; 


segment of the 
package is the 
yroposed requirement that each motor 


le operated in air pollut 


ition coun 
must be equipped with a certified 


aust control devi meet d 


gC standards 


the state; 


chief executiy 


powel t 
owners t 
or failure 
qui ed device 
Ihe US ca 1 
considerable time and money 
velop devices fo1 


ve 


pending 
to de- 
control of hydrocar- 
bons emitted from auto exhaust (PE 
Feb 1 ’60, p 15 * 
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Pattern Sheet—In the plant of one of the world’s largest 
auto makers, Pittsburgh Steel Co.’s Pattern Sheet was used 
to make instrument panels. Pattern Sheet is cold rolled 
sheet steel with a design rolled right into the steel. 


Sheet Steel— International Harvester specified cold rolled 
sheet steel from Pittsburgh Steel Co 


. for many components 


of the bodies it makes for light trucks. International Harves- 
ter demands fine surface, good weldability and formability. 


When Steel From Pittsburgh 


Means “Pittsburgh Steel” 


Pittsburgh Steel Co. Provides Blue Chip Companies With 
Wire, Sheet and Tubes For Everything From Missiles to Hairpins 


Performance is the payoff. Go into 
any manufacturing plant where steel 
sheet, wire or tubing is pressed, 
stamped, cut, welded or otherwise 
formed into finished products. You'll 
find steel users concerned about how 
the steel they buy performs on their 
equipment. 

Steel is made to industry-wide 
standards but there are areas where 
one producer’s steel performs a little 
better. Perhaps one mill’s sheet holds 
to the exact thickness desired more 
consistently. Or maybe it consist- 
ently does better on tensile strength. 

Pittsburgh Steel has an excel- 
lent record in making sheet, 
strip, wire and tubing which 
performs better for fabricators. 

Photographs on these pages take 
you into some fabricating plants and 
to field applications where specifica- 
tions for steel are precise because 
users demand good performance. 
Pittsburgh Steel makes good by 
meeting these demands. 

Take International Harvester 
Company. Using cold rolled sheet 
from Pittsburgh Steel Co., Inter- 
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national Harvester combines good 
styling with ruggedness in light 
truck bodies. 


e Switched to Pittsburgh Steel- 
One of the oldest and largest ball 
bearing makers now uses mechanical 
tubing from Pittsburgh Steel to make 
a difficult bearing part. Formerly, 
alloy bars were used for this high 
speed machining operation. The com- 
pany switched to Pittsburgh Steel 
tubing because it provided more 
pieces per day, longer tool life, less 
machining and a lower cost material. 

See that oil field “roughneck’’ up 
on the monkey board of an oil well 
rig? He’s working on a rig drilling 
for oil in the middle of a grapefruit 
grove near McAllen, Tex. On that 
job Chief Engineer M. D. Frazier of 
Texkan Oil Co., said: “‘If you don’t 
have good pipe you have no well 
We’ve never run into defects with 
Pittsburgh Steel’s seamless tubing.”’ 

The little springs in the photo- 
graph at right have a tough job 
Each of these carburetor pump 
springs will keep a motorist moving 


although he may never know of their 
busy life under the hood of his car. 
Made of music wire only .014 inch 
thick these springs are made from 
wire drawn by Pittsburgh Steel’s 
subsidiary, Johnson Steel & Wire Co. 
Performance of the steel is tops. 


Or take those seat cushions for 
a compact car. Stubnitz Greene 
Corp. uses Pittsburgh Steel wire 
to coil this new kind of seat 
spring, Torflex Spring, because 
the steel performs well on coil- 
ing machines. 


A new product, one of many in 
the making, was developed in 1959 
It is Fab-Form, a permanent steel 
form for concrete floor and roof slabs, 
which speeds work and lowers costs 
Longer and wider than its competi- 
tors, it is supplied to users with a 
new welding technique which speeds 
installation. 

All this is typical of the company’s 
quiet determination to improve fa- 
cilities, widen markets and diversify 
products so that customers, employ- 
ees and stockholders all may benefit. 
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Manufacturers Wire— Used here to make a new Seamless Mechanical Tubing — Not a new weapon but me- 
type spring used in the seat and back cushions of chanical tubing from Pittsburgh Steel being processed into a 
a compact car, Pittsburgh Steel Co.’s manufac- bearing part. This manufacturer switched from alloy bars to 
turers wire is consistently dependable. Pittsburgh tubing and reduced production costs. 
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Seamless Oil Country Goods—That’s what 
they call drill pipe, casing and oil well tubing in 
the oil fields. Here Pittsburgh Steel casing is being 
run into a 7,500-foot deep well in Texas. 


ie 


a 
Fine Wire Specialties—Wispy but precise as the pattern 
they make on the gummed pallet are carburetor pump springs 


coiled from music wire made by the subsidiary Johnson Steel 
& Wire Co. 


Construction Products—A new Pittsburgh Steel product 
Fab-Form—goes down on joists preparatory to pouring a 
concrete slab. Fab-Form is a permanent steel form for concrete 
roof or floor slabs 







i Pittsburgh Steel Company 


eT : - — Grant Building . Pittsburgh 30, Pa. 
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Prime Mover Reported Ready for Test 


Cuicaco—A giant, 70-ton, 750-bhp 
prime mover, using components from 
two standard prime movers, will be 
tested this month by International 
Harvester Co, Propuct ENGINEERING 
learned through its Midwest News 
Bureau. In its present configuration, 
it is larger than any other machine of 
this type now available, and indicates 
an expanding trend toward huge con 
struction equipment. 

Propuct ENGINEERING understands 


the unit—still two years away from four 8-ft-dia pneumatic-tired whe 
production—will feature two prime The driver sits 


movers hitched back-to-back by means 
of a central pivot. Use of the pivot 
will allow short turning radius and 
excellent maneuverability. Compo- 
nents from standard International 
Harvester Series-95 two-wheel units about 30 mph 
(see picture) will be used, tied to 
gether by a common control system. 
Each subunit will be powered by a 375 


with equal eas¢ 


bhp turbo-charged diesel engine; powe1 on one end; a 
will flow through two transmissions 


one from each engine—to each of the 


Tilts with Tight Precision 


Curious about the extent to which the accuracy of a 


radar receiver is disturbed by its radome, General Electric 


Co contracted with E W Bliss Co, Canton, Ohio to find out. 


Result: the tower (right), known officially as a radar 


antenna test-pattern fixture. It’s a tiltable platform coupled 
to a stationary steel framework by a trunnion shaft, 

gear segment, a brake and a hydraulic snubber for damping 
out the fall of the platform gear. Because the tower must 
be able to withstand wind velocities up to 80 mph, a weight 
of 120,000 lb had to be built-in—yet it’s a mammoth precision 
instrument. For example, the allowable deflection between 
the outside rim of the platform and the central pedestal 
on which the radar is mounted is only one-eighth of an 
inch. Major design problem was how to move the platform 
through 41 deg of tilt on only one axis, without drift or 


20 


chine can travel forward or backward 
Top cross-country 


close to the company 
chine has been designed either to push 
or pull. A ‘dozer blade will be mounted 
yination drawbar 


and hitch-bumper on the other. With 


drive, large cuts or scrapes can be taken 

International Harvester officials de 
clined to comment on the new unit 
when queried by Propucr ENGINEER 
ING. However, one official emphasized 
that new design concepts may go 
through many changes before the 
production stage, and that some de 
signs are never produced.—Bruce 


Cross, Midwest News Bureau 


Scientist Calls US 
Slave to Soviet Lead 


} 


above the cente1 New Yorx—A leading defense re 
pivot. His seat will turn in either di- earch contractor has called upon the 
rection, it was learned, since the ma 


US to be reasonable about space ex 
ploration. Dr Simon Ramo, vice-presi 
dent of Thompson Ramo-Wooldridge, 


speed will be told the New York section of the 


ording to sources American Rocket Society that space 


he giant ma being pushed out of proportion to 
other research 
Space,”” he said, “is a consuming 
llenge and should be increased 


not at the expense of other 


750 bhp available through four wheel We must view scientifh 


overshoot. Bliss solved this by applying a brake action on 
the motor driveshaft with such precision that the angle 
of tilt is achieved within 1% minutes of arc. Structure is 
made of steel except for main gear section, brake arms and 
snubber cylinder, which are of ductile iron. 
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made up 
of many competitions, not just a spacc 
contest. We need a balanced tech 


gical ; ” 
nological program. 


petition as Olympian games 


He called upon the rocket men to 
recognize that the Soviet Union is a 
large country, equal to us in science, 
technology and brainpower—and sh« 
will excel us in some areas. But even 
if USSR lands on the moon first, he 
predicted, we will be able to follow 
up with exploration of Mars or some 


other part of the solar system 


US CAN CLOSE GAP 


Dr Ram 


( ipable 


emphasized that we arc 
f closing the missile gap if 
we consider this a wise national pclicy; 
that we must rid ourselves of the idea 
that the lag indicates a weakness in 
US science and engineering 

What we have to do in the future, 


he said, is 


organize ourselves to 


make wise decisions on how to use 


entific capability; 


these decisions 
must include what science we need 


and when, where and how to use it. 8 


Permanent Magnet Used to Actuate Switch 


, 


New Yorx—A microminiature switch 
has been developed, designed, con 
structed by Space Components In 
rhe new unit will operate reliably and 
safely under all adverse conditions met 
in space flight, underwater operations, 
and in explosive or corrosive atmos 
pheres. “Extensive tests have proved 
that the switch will withstand ex 
tremes of heat, cold, shock, vibration, 
pressure, vacuum, and thermal shock 


conditions that cause complete fai 
re or malfunctioning of all other 
switches now available,’ the Washing 


ton firm said 


THREE UNITS DESIGNED 
Three FluxLink 


0 operate from —65 to 900 F, 
out of 
shortly 


switches, designed 
; in OI 
water, will be 


All are 


OD by #-in. long, and have 


introduced 
similar in appearance, 
are 3-in 
the same voltage current capacities 
) to 15 amp, 125 v a 

[he new principles operate the 
through FluxLink 


the flux or force inherent in a magnet 


witch as follows 
is piped through a solid metal barrier 
into a sealed chamber containing the 
make-and-break contacts; 


FluxLock 


verted into a snap-action, opening and 
Mechanical 
which permit entrance of 


contaminants, and springs, 


and through 
this piped force is con 


} 


osing the contact 
pathways, 
which can 
malfunction, are not used & 


Combination Bearing-clutch Transmits Torque, Carries Load 


Paris—Sprags combined with cylin 


drical rollers in a 


bearing assembly 
may be a simple, low-cost way to 
meet the torque and bearing require 
ments of most machine applications 
Designed and built by Est. Nicot here, 


new unit gives one-direction-only 


ransmission in an Ooverrunning 


RACES ARE CONCENTRIC; locking ramp is provided by 
the sprag profile, which is composed of two nonconcentric 
Spring-loaded 
sprag in the locked position until torque is applied in the 


curves of different radius. 
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clutch. In addition, it also serves as 
a roller bearing 

lorque rating of the clutch depends 
on the number of sprags. A minimum 
of three, equally spaced around the 
circumference of the races, is generally 
necessary to get acceptable distribution 
of tangential th 


rorces on the races 


lorque ratings of 
range up to 145 ft-lb; version 
1450 ft-lb are possible 

I'wo standard models are av 
the smaller, with torque-handling 
pacity up to 43.5 ft-lb is about $3 


the larger, rated at 145 ft-lb i 


ibout 





Cylindrical 
roller 





Push pin spring 








pin holds the 


running direction. 
verted, as the hard-steel races of bearing are too brittle to 
handle the locking impact of the sprags 
can be mixed to give any desired torque value 


Stock roller bearing can not be con- 


Sprags and rollers 
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this is GRAPHITAR. 


(CARBON-GRAPHITE) 


successful in a wide variety of applications 


MOVIE PROJECTOR built by Bell & Howell 
Company utilizes GRAPHITAR bearing in the front 
reel assembly. The company installs GRAPHITAR 
bearings in five models of their Filmosound line of 
16mm sound motion picture projectors, used widely 
in schools, churches and in industry. The GRAPH- 
ITAR bearings have been used continuously in this 
line of equipment for more than 15 years... and 
have given outstanding, maintenance-free perform- 
ance. The hardness and self-lubricating qualities of 
GRAPHITAR aid in the smoothness and quietness 
of operation in this equipment. 


SOLENOID VALVES manufactured by Valcor 
Engineering Co. for use in guided missiles incor- 
porate a floating seal of GRAPHITAR. This seal 
is a precise, optically flat GRAPHITAR dis« 
which floats in the plunger. A slight pressure, from 
either direction, moves the disc against an equally 
optically flat, stainless steel seat, sealing perfectly. 
Solenoid valve improves with use due to unique 


self-lapping action of GRAPHITAR. 


THE UNITED STATES 


GRAPHITAR® carson-crapuite © GRAMIX® power metaurcy © MEXICAN crapwire propucts © USG® srusues 
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HERMETICALLY SEALED 

MOTOR-PUMPS have been developed by 
Westinghouse Electric Corporation to handle 
radioactive water with zero leakage. The thrust 
bearings utilized in these pumps are self-equal- 
izing, water-lubricated, pivoted-pad bearings with 
inserted carbon-graphite (GRAPHITAR) bearing 
surfaces. The radial sleeve bearings are also made 
of GRAPHITAR and are designed to be lubri- 
cated by the pumped fluid only, in this case, radio- 
active hot water. These same pumps have proven a 
convenient means of pumping high temperature 
fluids for a number of nuclear reactors and other 
high pressure, high temperature fluid applications, 


SMALL ROTARY PUMP manufactured by 
Procon Pump and Engineering Company utilizes 
liner, vanes, end-plate bearings and seal ring of 
GRAPHITAR. The four GRAPHITAR rotor-vanes 
run directly against the GRAPHITAR liner. By run- 
ning GRAPHITAR against GRAPHITAR, the self- 
lapping, self-lubricating and astonishingly long- 
wearing qualities of GRAPHITAR are employed to 
full advantage. Procon pump operates at close to 
1009 efficiency . . . indefinitely. 


Detailed design data with 
typical applications, proper- 
ties and characteristics of 
versatile GRAPHITAR are in- 
cluded in Bulletin #20. Write 
for your free copy. 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
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TRENDS IN APPEARANCE DESIGN 





Design for modern packaging 


@ More and more products come 
packaged in bags made of trans- 
parent polyethylene and other such 
heat-sealing materials. Foods and 
pharmaceuticals must be packaged 
under stringent sanitary regulations 
“Hard” goods such as fastenings 
and buttons go to the packaging 
equipment from high-production equipment. Considerations such 
as these led Package Machinery Co to have its recently intro- 
duced, completely automatic packaging machine designed jointly 
by its engineering staff and the industrial designers from Peter 
Muller-Munk Assoc, Pittsburgh. 

Result: a machine that accurately measures a predetermined 
quantity of product, forms an appropriate package, fills and 
seals it, then delivers it ready for shipping. Measurement and 
feeding are accomplished by net weight scales, volumetric, auger 
or liquid feeders, or counters. 

The sketch above indicates graphically the basic machine com 
ponents and their necessary relative positions, as first presented 
to the industrial designers. With this guide they then proposed 
six different design directions, shown below. In all six, controls 


were centralized and placed at good work height. Lighting and 


light-reflecting surfaces provided internal illumination, which, to- 
gether with transparent plastic panels, allowed observation of 
the machine’s operation with maximum safety, while excluding 
dust and other contaminants. Color was used to minimize the 
machine’s considerable bulk. 

The design approach finally selected is shown in the perspective 
sketches and photograph below (see also cover and page 52, 
where engineering aspects are discussed). Smooth surfaces mini- 
mize chance for dust and dirt to settle. Enough room is provided 
to permit cleaning the floor underneath, and the entire unit can 
be hosed down—panels are designed to seal off electrical and 
other water-sensitive areas 

Yet these panels permit easy access to electrical components 
They are modular in design, with interlocking joints that require 
a minimum of screw fastenings. They were designed to be fabri- 
cated in the manufacturer's present equipment and require no 
welding. No need to mask the machine’s panels and structural 
components, for paint spraying—all color breaks occur at natural 
joint lines 

These machines were also planned for operation in tandem 
by adding another unit (lower right-hand corner). This means capa- 

ity can be doubled with a minimum of additional floor space, 


because tandem unit shares a common drive and control system. 
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@ Low-power portable wattmeter has case composed of two alumi 
num extrusions that provide integral, continuous hinge requiring 


no machining. Made by Voltron Products, instrument is used to 


check gyros, synchros and servomotors, in the 0 to 1.2-w range 


Extrusions are supplied in 11-ft lengths, and require only 

cutoff, drilling, buffing, anodizing and engraving (of trademark, 
circuitry diagram and control labels). Elements of hinge slide 
together lengthwise; are secured by walnut end-caps. These were 
specified by the industrial designers Tor Petterson Assoc, 
Pasadena, to maintain tradition of fine wood cabinetry associated 
with such instruments. 





Designers think of R/M first for asbestos, rubber, 
Special Fizy-BOND Adhesive 


To reduce breakage and assembly time of glass 
vacuum bottle fillers, The American Thermos Prod- 
ucts Company, Norwich, Connecticut, undertook to 
replace an aluminum cap with a polyethylene protec- 
tor for the evacuation tip of the glass filler. 

The problem was bonding the traction-free poly- 
ethylene to the smooth glass surface. Existing ad- 
hesives couldn’t do the job. R/M adhesives specialists, 
working closely with Thermos Company engineers, 
quickly developed a special adhesive. 

The result is a superior bonding agent, R/M’s new 
R-84002, for “Mylar,” polyethylene, glass and other 
slick-surface bond-resistant materials. Based on a 
thermoplastic synthetic resin, R-84002 has tempera- 
ture tolerances ranging from —20 to +200°F. 
Regardless of your application, Ray-BOND adhesives 
of new or existing formulations can be tailored to 
your special bonding, laminating, sealing or coating 
requirement. Your costs are reduced; your produc- 
tion is improved. Let us prove this to your satisfac- 
tion. Call on Raybestos-Manhattan adhesives engi- 
neers today without obligation 


ADHESIVES 


R/M Bulletin No. 700 contains helpful engineering information 
on Ray-Bonp adhesives, protective coatings and sealers, and 
casting, encapsulating and potting compounds. Write for your 
free copy today—Adhesives Division, Raybestos-Manhattan, 
Inc., Bridgeport, Conn 
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sintered metal, and engineered plastic products 


THE STRENGTH OF STEEL... 
In R/M’s Non-Burst BW Steam Hose 


R/M offers a full line of precision-built hose for every steam 
application at saturated pressures to 200 Ibs., 388° F. Strength 
and durability are employed throughout the construction of 
Super-Master BW Steam Hose, illustrated above. Two braids 
of high-tensile, multiple end, non-corrosive steel wire are ap- 
plied at a controlled angle over an asbestos-covered inner tube 
of thick steam-resistant rubber for greatest strength with mini- 
mum elongation and contraction, and provide positive protec- 
tion against bursting. Cover is of special Butyl rubber to resist 
heat and weather. Sizes from 4 to 2 inches. 

The strength of steel, the heat resistance of asbestos, the 
flexibility of rubber, the static dissipating wire, all in Super- 
Master BW Steam Hose. . . the safest high-pressure steam hose 


made. Write for Bulletin M630 


RUBBER 


lay for free booklet shown: full details on a wide variety of 
i Manhattan Rubber Division, Raybestos 


al rubber products 


tan, Inc., Passaic, N.J 


° 
For temperatures over 1IOOO'F 
in systems handling superheated steam, gases and oils 
it's R/M HIGH-TEMPERATURE VALVE STEM PACKING 


This R/M high-temperature packing offers benefits that pay off 
in longer valve stem life, less downtime, and greater reliability 
All organic materials have been eliminated to provide out- 
standing resistance to heat and low volume loss. Inconel* wire- 
reinforced braided asbestos yarns provide maximum resistance 
to extrusion. An inhibitor combats valve corrosion after hydro- 
Static test and storage and helps prevent corrosion in service 
Solid lubrication is ground in during manufacture 

Other R/M Valve Stem Packings are available for use at 
lower operating temperatures R/M 


packing requirements will 
*Reg. TM International Nickel ¢ 


Consult about all your 


our engineers work with you 


PACKINGS 


Complete information on the packings shown and iny othe 


given in this bulletin. Send for a copy. Raybestos-Manhattan, Inc 
Packing Division, Passaic, N.J.. Mechanical Packings and Gaske 
Materials 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. ¢ Bridgeport 


Ind. « 


A 
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Conn. « Manheim, Pa. « Paramount 


Neenah, Wis. « Peterborough, 


Calif. e No. Charleston, S.C 


Ontario, Canada 
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WIRE CLOTH PARTS [recrrte©270*] 


Slipped Furniture 


To the Editor: 

Got my welcome PRODUCT ENGI 
NEERING magazine in the mail today 
Could you please tell me what the word 
“forprehensive” means? This appears in 
the Feb 22 issue, p 57 on what could be 
in excellent article on the 58 useful func- 
tions of “pi.” What the devil is a “pre- 
sented decimal place?” and what is meant 
by “reduce the chances here in an orderly 
arrangement?” What I want to know is 
how good was the = iding of the 
value of “pi” in this article, now that | 
read the first paragraph 

—Frank A RUHMANN 
Philadelphia 
@ It seems rather strange that a data sheet 
having to do with pi should contain the 
most notable pie of type in the last year 
What happened, of course, was that the 
little piece of wood or metal that the 
printer calls “furniture” slipped out as 
he was locking up the form for the press 
It did succeed in evolving some very in 
teresting new oncepts in engineering, but 
if you will just draw a line vertically 
through the middle of the text, between 
‘for” and “prehensive,” then you will 
have it. The values are accurate. Our 
thanks also to Messrs: R Hubbard, L Greif 
ind L Lassman—Ed 








The Man Behind Gumperson 
To the Editor 


I am well aware that editors, even of 
such esteemed publications as. PRODUCT 
ENGINEERING, do not possess om- 
niscient qualities. Therefore, I offer an ob 
servation that will underscore human na 
ture or a remarkable example of literary 
coincidence. William E. Barta’s letter in 
your issue of January 25, p 28, conveys the 


Wire cloth parts fabricated to your order | inference (to me at least) that the clarifi 
. eee ation of G srson'’s L: his o 
are a Newark specialty. One division of our ar i, sangre Boas Real ae Moe 


As I read his lines, my memory cells told 
H ; me that I had seen something remarkably 
ita aii ine fully equipped and staffed to similar. In a pile of interesting miscellany 
to manufacture any part you I found a clipping which came from 
Changing Times sometime in 1955 or 
need with a wire cloth insert. 1956 
If this remarkable similarity is mere co 
incidence then Sic James Jeans’ hypothet 
ical monkey, sitting at a typewriter and 
j i ; pounding at random has nothing to worry 
ie “ design ” redesign of your pares. about. Eventually he will reproduce by 
Ours isa “one-stop” service ~+. Wwe deliver chance everything ever written. If it is 


not coincidence then this same monkey 
complete parts guaranteed to meet your nay feel more than justified when hu 


specifications. Send for our Fabricated Parts Catalog. 


ewark 


We also offer an engineering service to assist 





man piagiorine, in reciting a verse I saw 
m a postcard from Florida 
Man descended, the ornery cuss 
But sure as hell not from wus 
~Leon MARINAKOS 
Engineering Section 
General Electric Co 
Chicago Heights, III 


NEWARK 


ENE 
, tote 
oe 
/ % R55 od @ > 
4° ACCURACY non’, Yates’ ire oth | re te Editor ie 3 
< rot iank you for your let oncermming 
| ( 


>umperson’s Law 
Cc oO M PA NY Unfortunately, I gave the impression 
that this material was original with me 


351 Verona Avenue, Newark 4, New Jersey In my letter I placed the ‘story in quota 
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tion marks indicating that it had been JAN ETT 
taken from something else. Apparently, I 6 we a PRESE N TAT | V ES 
should have clarified this more fully. We 
ran across this material about a year ago 
and issued it in an internal sales letter with ARE | O 
a great deal of success. Since this material 
appeared in PRODUCT ENGINEER- 
ING, I have received a few letters on it t b ET 
suggesting, among other things, a “Gum 
person’s Society of America %s 
—WiiiiaM E Barta 
Louis Allis Co 
Milwaukee 


I'o the Editor 

Mr Barta’s explanation regarding 
“Gumperson’s Law” is most interestine 
Upon first reading I hardly knew whether 
to suspect spoofing and/or gentle pulling 
of legs or not. However upon further study 
ind reflection I appreciate the great man’s 
work. It also causes me to realize that my 
formal training in “I'Capice Mathmatica” 
had been sadly neglected. The only refer 
ence I have at hand is an old copy of 
“Recreations” by Ball and Coxeter 

There is one mathmatical relationship B 
that I have applied upon occasion and 1 ecause 
um curious to know whether I have been 


making use of this law. IT B x t® To Th 
the it ey 


layman states that—regardless of 


how thin you slice it, it is still bologna 


Wher H | 
IT ‘the te sliced e p 


material being 


of section. ane Engineers 
Solve Their Design And 


B—bologna 
ex 


Oakland, Calif 





COMING EVENTS - Power Control Problems 


MARCH 


23-25 .... ae at = Institute Everyday JANETTE Representatives encounter tough 
60 St g : 4 ee y ote ° 
oak eer ae ee Gear-Motor Problems. They deal! with all types of 
26.81 " industries. Their training, product knowledge, and 
. . . » « American Society of ( : 
hanical Engineers, American Power Con background experience enables them to solve the 
feren Hotel Sherman, Chicago toughest application problems. 


APRIL JANETTE Representatives work with Purchasing Agents, 
ak... . febevetiend Goites Teche Design Engineers and Industrial Distributors. They help 
1 Fair, Utrecht, Netherlands these men in the selection of a proper gear-motor 

4-8 . . . Nuclear Congress and Exhibit to do a specific job. They are specialists in every 
New York Coliseum, NYC product we manufacture .. . And they have the 
oh, -F ties OC ees Oe JANETTE facilities to back them up! 


1c N; ong Ae au > ing 0 e ‘4 
— Se ee ee More and more distributors now handle JANETTE 


6-8 1s Gear Motors. JANETTE Representatives and 

-S .. . Institute of Environmental Sci A 4 

ences, 1960 National Meeting, Biltmore Piste butors know they have the best products. 
Hotel, Los Angeles That’s why they are 10 feet tall. 

7-8 . .. .American Society of Mechani 1/1 25 through 15 H.P. 


cal Engineers, Management Engineering 
Conference, Statler-Hilton Hotel, NYC 


18-19 . . . . Joint Conference on Auto GEAR M AR MOTORS — RS 


matic Techniques, Sheraton Hotel, Cleve SPEED REDUCERS | REDUCERS 


land 


19-21 . ... American Society of Lubri 


cation Engineers, Annual Meeting and ule — MORTON GROVE, ILLINOIS 


Exhibit, Netherland-Hilton Hotel, Cincin 


nati A subsidiary of Victor Adding Machine Co. 
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Bigithrees Littleyn 


torget, Greater Strength 





Each time a trio of these new cars rolls off the assembly 
lines at Ford, Chrysler Corporation and Chevrolet, another 
set of 67 Malleable parts goes into action to give American 
drivers more dependability, convenience and economy. 


Valiant, Corvair and Faicon Use 
Greater Proportions of Malieable Iron 
Than the Three Conventional Cars! 


Brand new from tread up, the Corvair, Falcon and more economical cars without sacrificing the safety and 
Valiant are the result of intensive investigation, convenience demanded by the American public. 
engineering and testing . . . all done to produce lighter, To accomplish this, the automobile industry’s 


CONNECTICUT Peoria Malleable Castings Co. Peoria | 

Connecticut Mall. Castings Co.. New Haven 6 Wagner Castings Company, Decatur 

Eastern Malleable iron Co., Naugatuck 
New Haven 4 INDIANA 


These companies M ya% ® oe i= yay i . EF pam Seven Saveaaee Won Co Link-Belt Company, Indianapolis 6 


DELAWARE 
are members of the Eastern Malleable Iron Co., Wilmington 99 Notions! Mall. & Steel ee On 
{ILLINOIS 1OWA 
© " CS \¥ Central Fdry. Div., Gen. Motors, Danville lowa Malleable tron Co. Fairfield 
Chicago Malleable Castings Co.. Chicago 43 
Moline Malleable tron Co, St. Charles MASSACHUSETTS 


National Mall. and Steel Castings Co., Cicero 50 Belcher Malleable Iron Co., Easton 


4 
STiIn6es 
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RelyiOn) MALE 


Operating Economuys 


three newest creations use more Malleable in proportion 
to total materials than all other models of the same 
manufacturers. Why? Malleable provides more strength 
per dollar than any other metal, ferrous or non-ferrous. 
Malleable castings have more strength per pound than 
“light” metals. Being the most machinable of all ferrous 
metals of similar properties, Malleable speeds produc- 
tion . . . produces better parts. Malleable castings have 
proved uniquely dependable for critical applications in 





millions of cars now on the highways. 
How many places are there in your operations where 
Malleable castings can improve your products and re- 


MICHIGAN 

Albion Malieable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable tron Co., Cadiliac 
Central Fdry. Div., Gen. Motors, Saginaw 
MINNESOTA 

Northern Malieable tron Co., St. Paul 6 
NEW HAMPSHIRE 

Laconia Malleable tron Co., Laconia 
NEW YORK 

Acme Steel & Mall. ron Works, Buffalo 7 


Frazer & Jones Company Division 

Eastern Malleable iron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mali. Iron Co., Westmoreland 
OHIO 
American Malleable Castings Co.. Marion 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mail. Iron Co., Ironton Div., tronton 
Dayton Mall. tron Co., Ohio Mall. Div., 

Columbus 16 

Maumee Malleable Castings Co., Toledo 5 
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Valiant 


duce your costs? Check now ...send drawings or an 


outline of your requirements to any of the progressive 


Malleable castings producers who display this symbol— 


MEMBER 


MALLEABLE 


4 co * 
STINGS couN 


Union Commerce Building, Cleveland 14, Ohio 


National Mall. and Steel Castings Co.. 


Cleveland 6 
PENNSYLVANIA 
Buck tron Company, tnc., Philadelphia 22 
Erie Malleable tron Co., Erie 
Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Maileable Iron Co., Meadville 
Pennsylvania Malleable iron Corp., Lancaster 
TEXAS 
Texas Foundries, Inc., Lufkin 


CIRCLE 31 


WEST VIRGINIA 

West Virginia Mall. tron Co., Point Pleasant 
WISCONSIN 

Chain Belt Company, Milwaukee | 

Federal Malleable Company, inc., West Allis 14 
Kirsh Foundry inc , Beaver Dam 

Lakeside Malleabie Castings Co., Racine 


Milwaukee Malleable & Grey Iron Works, 
Milwaukee 46 
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PRECISION-FORMED 
METAL 


COMPONENTS 








Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra- 
ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


c. B. KAUPP & SONS 


Metal Craftsmen since 1924 


_-NEWARK WAY, MAPLEWOOD, N. J. 
“Telephone: SOuth Orange 3-2490 
—_———— 
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. other applications for the gravity meters popular 
with oil prospectors in the past several years. These 
are instruments that measure the attraction between 
the earth and a mass suspended on a supersensitive 
spring. Any change in attractive force is registered by 
a change in displacement of the bob-weight. The 
meter is so sensitive that the nonspherical shape of the 
earth will cause a change in reading if the instrument 
is moved only 300 yards in a north-south direction. A 
pocket at some point below the surface (thus a lack 


MAAAAAAAARAAAAAAAA \ ) 
DOOOOOOOOOXXI000 ) S 


LA} 
WA 
Z| 


of mass) shows up as a reduction of the gravitation 
force and a potential oil-drilling site. It was recently 
put to work to find faults under Philadelphia streets 
where cave-ins might occur. 

Because it is possible to measure very small changes 
in mass this way, would it also be possible to make a 


TRIER 
J OOK 


mass-proximity detector sensitive to mass variations 
not only beneath the meter, but in other directions as 
well? This would give a sensing unit for industrial 


PPPUPPUrrryrrrr yp rrr 








L 


applications where detection by contact, magnetism, light or sound waves is not 
possible. Or a modification of the present gravity meter might make a service 
able altimeter or navigation device not dependent on variations in ait pressure or 


R Myra 


the direction of terrestrial magnetic field 


a more efhcient automobile radiator. A smaller radiator would give the 
stylist more freedom in designing the grille opening—leading to a more aero 
dynamic shape with less frontal area and drag. Also, considerable weight could 
be saved with the smaller cooling system. Ebullient cooling is one method tried 
many years ago and is worth reevaluation in view of the many new materials 
available today. It utilizes the heat of vaporization of the water to carry heat 
from the cooling jackets, where the water is boiled, to the radiator, where it is 
condensed. No water pump or thermostat is needed. And the higher tempera 
tures do not allow sludge or acid deposits to form. But previous systems have 
been noisy and troubled with detonation caused by increased combustion 

temperatures. 

Overrunning It is also possible that size of 
clutch the radiator could be reduced if 
it were made more efficient for 
the times when the car is either 
not moving or moving very 
slowly under heavy loads. If a 








small motor were put between 
the pump/fan shaft and its drive 
pulley, pump and fan could be 
turned at higher speed when the 
engine was only turning over 
slowly (stalled in a traffic jam, 
for example). An overrunning 
clutch and centrifugal switch 
would allow the fan belt to take 
over the job when engine speed 


A BrIsTo1 





























increased. 





Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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RESILIENCE 





~ PLUS 
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.. resistance to 


DU PONT SYNTHETIC RUBBER MAKES TODAY'S PRODUCTS BETTER... TOMORROW'S PRODUCTS POSSIBLE 


NEOPRENE 
HYPALON® 
VITON® 
ADIPRENE” 





WHEN 
YOU. 
NEED 
RESILIENCE... 

ae 

4 
ee 
ean 


/ 
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NEOPRENE 


RESILIENCE PLUS A BALANCED 
COMBINATION OF PROPERTIES 


Resistant to heat, flame, chemicals, sun- 
light, weathering, ozone, oils, grease and 
abrasion... proved in performance by over 
25 years of successful use in industry. 


HYPALON 


RESILIENCE PLUS WEATHER- 
ABILITY AND COLORABILITY 


Color stable...ozone proof... resistant to 
heat, oils, oxidizing chemicals, sunlight and 
weathering ...excellent for protective paints 
and fabric coatings. 


VITON 


RESILIENCE PLUS RESISTANCE 
TO HEAT AND FLUIDS 


Best of all elastomers in its resistance to 
corrosive chemicals, fluids and solvents... 
performs at temperatures over 400° F.... 
excellent tensile strength... low compres- 
sion set, high modulus... flame-resistant. 


ADIPRENE*’L 


RESILIENCE PLUS HIGH LOAD- 
BEARING CAPACITY AND 
ABRASION RESISTANCE 


A liquid polyurethane rubber excellent for 
casting, potting, molding... forms a hard, 
resilient rubber with high load-bearing ca- 
pacity, unusual abrasion resistance and out- 
standing low temperature properties. 





COMPRESSIVE STRESS. PS! 


Coiled heater cord for small appliances is jack 
eted with long-term flexibility, 
resistance to heat, food chemicals and cooking 
oils. A test 500,000 flexing 
cycles without damage 


neoprene for 


cord underwent 


a 1 o. 


House-size tarpaulin is used by fumigators to 
keep exterminating gases from escaping. It is 
made of with Du Pont 


Hypalon sists un, weather, fumigating 


nylon fabric coated 


gases handle 


Viton O-rings seal bearings in heat exchanger 


at 525° F 
25 to 1 
phthalic 


outlast other synthetic rubbers 
They resist fatty acids, dibasic acid, 
acid, solvent and petroleum products 


maintain their resilience 





% DEFLECTION 


Load-bearing capacity of hard Adiprene L com 
pounds ranges between that of general pur 
pose rubber and the harder plastics. You might 
use Adiprene L compounds to 


replace non 


elastomeric materials where cushioning or 


damping properties are needed 


Inflatable dam made from tube of neoprene 
coated nylon is used in Los Angeles to divert 
Test 


abrasion 


river water for conservation material 


withstood weather, sun, from river 


debris for two years 


Cathedral roof with sprayed-on coating of 
Hypalon stays gleaming white in spite of trop 
ical sun, wind, rain and salt spray. Weathering 
has not caused the reflective roof coating to 
dull or deteriorate since 1957 


This refinery valve has been used in a benzene 
line for over a year. Its O-rings and valve seat 
made from Viton—are still assuring positive 
shut-off. Viton parts also resist toluene, xylene, 


380° F. alkylate gas, 400° F. propane 


Adiprene L can be used alone or in combina 
tion with epoxy resins for potting and encapsu 
lating electrical assemblies. Its flexibility helps 
protect delicate instruments from damage. It 
has excellent shock 


resistance to thermal 


New air valve design for ventilation units is a 


helical spring covered with neoprene 


Neoprene tubing is expected to last 
as the ventilation system and still mair 
tight 


seal on the close-off 


Hypalon shows outstanding resistance 
strong oxidizing chemicals. This 

ised to pump chlorine 
at 158° F 
Other 


bleach 
chlorite) 


week rubber 


Fire seals in the wings of the new B-58 
Hustler” are 
t fabric 

fume 


made from Viton-coated asbes 
fuels 


equivalent to stair 


resist heat, ozone, jet 


and corona are 


*ss steel in fireproofing qualities 


Industrial wheels made of Adiprene L out! 
rubber and plastic are 
They 


temperature 


outstanding in ; 
ion resistance 
and 


ing and aging are re 


resist oils, mild 


alkalies, extreme wee 


DU PONT SYNTHETIC RUBBER MAKES TODAY’S PRODUCTS BETTER... 
TOMORROW'S PRODUCTS POSSIBLE 





_ 


— 
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Bras BEF ORT OW 


DO YOU HAVE THESE DUPONT DESIGN AIDS? 


ENGINEERING GUIDE TO THE DUPONT ELASTOMERS—Gives you spe 
cific properties and applications of Du Pont elastomers plus comparative 
data on various other synthetic rubbers, chemical resistance tables, etc 


INDUSTRIAL REPORT ON VITON®-A technical report on the fluid and 
temperature resistance of Du Pont’s new fluoroelastomer. Contains data 
on the performance of Viton in contact with 160 commercial fluids 


DEVELOPMENT NOTES ON ADIPRENE® L—Discusses advantages and 
limitations of compounds made from Du Pont’s new liquid urethane 
elastomer. Includes data on physical, chemical and electrical properties 


THE ELASTOMERS NOTEBOOK-—A periodical published bi-monthly to bring 
you information on the successful application of Du Pont synthetic 
rubbers in all phases of industry. Subscriptions free on request 


DU PONT TECHNICAL SERVICE—Du Pont synthetic rubber specialists, with 
experience involving all major industries, will gladly work with your 
supplier to develop elastomer products to fit your needs. 


For further information on Du Pont synthetic rubber or for any of the 
above Design Aids, contact: 


E. |. du Pont de Nemours & Co. (inc.) 
Elastomer Chemicals Department 39 
Wilmington 98, Delaware 


DISTRICT OFFICES 

AKRON 8, Ohio. . 40 E. Buchtel Ave. at High St. 
ATLANTA 3,Ga. . . . 1261 Spring Street, N. W. 
BOSTON 10, Mass. . . . . 140 Federal Street 
CHARLOTTE 1,N.C.. . . 427 W. Fourth Street 
CHICAGO 3, Ill.. . . . . 7S. Dearborn Street 
DETROIT 35, Mich.. . 13000 W. Seven Mile Road 
HOUSTON 6, Texas. . . 2601A West Grove Lane 
LOS ANGELES 58, Calif. . . 2930 E. 44th Street 
PALO ALTO, Calif. . . . . . 701 Welch Road 
TRENTON 8,N.J.. . . 1750 N. Olden Avenue 


Du Pont of Canada, Limited 
Oe Sl 
TORONTO ... . . . 85 Eglinton Ave., East 


Send overseas inquiries to: 





E. I. du Pont de Nemours & Co. (Inc.) 
Elastomer Chemicals Department, Export Div. 
Wilmington 98, Delaware 


SYNTHETIC RUBBER 
NEOPRENE HYPALON® VITON® ADIPRENE® 


Better Things for Better Living . . . through Chemistry 





RZEPPA Universal Joints Transmit 
Torque Smoothly—Even At High Angles! 


Rzeppa universal joints transmit 100% precision-smooth torque 
continuously—at angles of 35° and higher! Constant velocity 
action completely eliminates chatter, roughness and vibration 
Size for size, you get longer shaft and bearing life, higher torque 
capacity with Rzeppa joints than with any other type! 


The secret of Rzeppa’s uniform power flow is that the driving 
balls are always in the bisecting plane of the driving and driven 
shafts. No matter what the shaft angle, torque flows evenly at 
constant velocity 





Rzeppa constant velocity joints are available in a wide variety 
of sizes, styles, angles and speeds. Rzeppa joints have been used 
successfully in equipment ranging from giant road-building and 
mining equipment to the most intricate aircraft and missile 
applications 








“MX" Type CV Joint (%” to 
342” swing diameter) de- 
signed primarily for high speeds, 
low angles... blowers *¢ com- 
pressors ¢ servo motors 
pumps ¢ control devices « fre- 
quency converters « missiles « 
aircraft « dynamotors 


Bell-Type CV Joint (15/16 
“OV” Type CV Joint (2%" eters) designed for h 
maximum swing diameter) axles used in road building 1 
designed for smaller chinery ¢ industrial « aut 
applications . . . ordnance 
¢ machine tools ¢« servo 
mechanism e¢ farm equip- 
ment ¢ automotive equip- 
ment 


WRITE 


for this new en 
ing data folder or 
com ple fe i 
Rzeppa constant 
ify joints No ce 


obligation to y« 


Disc-Type CV Joint (from 2% 
to 16%” swing diameter) 

designed for all types of indus- 
trial drive applications where 
constant velocity and trouble- 
free service are required ten sand ey 


folder on CV 


Nome 


on-Vet Division |” 


DANA CORPORATION a 


Con-vel 3901 Christopher City 
Detroit 11, Michigan 
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News! The best features of modern bearing design combine 
~ 4 


SELF-ALIGNING ROLLER BEARINGS BY LINK-BELT 


BIG, HIGHEST-CAPACITY ROLLERS. Each bearing has a HIGH, HEAVY INNER RACE FLANGES. Hefty inner race 
maximum number of rollers—as large as possible, yet has sturdy shoulders which offer convenient hold for 
all components are in optimum balance. Precision assembly and removal of bearing. They end problems 
ground to extreme accuracy, these convex rollers offer of cutting away shaft or applying pressure at 


outer 
maximum economy for all applications 


race ... avoid any need to skimp on shaft shoulders. 


B IG, mirror-smooth convex rollers plus heavs Ognize new contributions to capacity, endur- 
broad-shouldered inner race plus centrifu- ince and ease of maintenance. 
gally-cast bronze, precision-machined retainer! 
Only from Link-Belt do you get ALL that is for 
best in bearing design 


For the good of your equipment, take time 
a feature-by-feature comparison with any 
bearings you're now using. Your Link-Belt of 
fice will gladly explain the many performance 
advantages evolved with this new design. It can 
furnish full data on industry’s most complete 
line of ball and roller bearings . . . pillow blocks 


and flanged, flanged cartridge, cartridge and 
take-up blocks. 


Individually, these elements represent major 
improvements On accepted design concepts 
Collectively, they constitute the most efficient 
spherical roller bearings available . . . promise 
unequalled economies, whatever the applica- 
tion. Men who know bearings will readily rec- 


MANUFACTURER OF SELF-ALIGNING BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Sal 
Ofhces and Stock Carrying Distributors in All Principal Cities 7 


Export Office: New York Canada, Scarboro (Toronto 14) 
Brazil, Sao Paulo; Australia, Marrickville (Sydney), N.S.W 


; South Africa, Springs. Representatives Throughout the World 


14.816-A 
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and refined in 


PRECISION-MACHINED, CENTRIFUGALLY-CAST BRONZE RETAINERS 
offer many times more support and ability to withstand high stress 
They are not stampings—they space rollers accurately under extreme 
speeds and loads. Independent cage action for each row of rollers 
assures maximum bearing efficiency. 
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anid 


electrodes of Chromium Copper-999 o1ve superior Service 


in high production resistance welding 


Acme Electric Welder Co., Los Angeles, a leading resistance welding equipment manuf 
duce tandard spot-weldir f 


N resistance welding the electrodes must carry heavy currents under high 
| pressures and at elevated t mp ratures. They must be made of mat 
rials that have high electrical and thermal conductivities and mechanical 
properties that will keep deformation and wear to a minimum. The wid 
spread and growing use of resistance we lding has stimulated research to 
meet the demand for more efficient and durable electrode materials 
CHROMIUM COPPER-999, one of Anaconda’s high stre ngth heat-treatable 
alloys, is an excellent electrode material with a record of superior perform 
ance in high-production welding. Electrical and mechanical properties 
exceed those listed for RWMA Class 2 material. Electrical conductivity is 
about 80% IACS and thermal conductivity is comparably high. In addition 
it has tensile strength of about 70,000 psi ifter heat treatment compare d 
with 48,000 psi for hard drawn ETP ¢ opper ), and its mechanical properties 
remain high at temperatures approaching 400 C. Available as rod, bar, sheet 
tube and die-pressed forgings 

Anaconda also offers Hitenso"-961 as a more economical electrode mate 
rial for use where service conditions are not severe enough to ré quire the 
higher prope rties of Chromium ( opper-999 Its properties « xceed those of 
RWMaA Class 1 material, having electrical conductivity of about 85 ind 
tensile strength of about 60,000 psi Available as rod, bar and plat 
TECHNICAL ASSISTANCE. For further information on these Anaconda alloys o1 
for technical assistance in the selection of the right alloy to meet special 
problems, see your American Brass Company representative. Or write: The 
American Brass Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont 


RESISTANCE WELDING ELECTRODE MATERIALS 
ELECTRICAL COPPERS * WELDING RODS 


ANACONDA 


PRODUCTS MADE BY THE AMERICAN BRASS COMPANY 
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CRACKTHROUGH? 


“Our nation’s scientific and technological progress could 
be greatly accelerated if conditions more favorable to 
achieving bold, imaginative pioneering in basic research 
and in technological innovation could be realized m 

So begins the report of the Conference on Research 
Goals, sponsored by the NSF and 15 professional societies 
at Worcester Poly last December. Some 51 of our top 
scientists, researchers and educators there agreed that our 
research people too easily become preoccupied with goals 
which promise little in significant discovery, fail to strike 
out with the vigor and vitality that make breakthroughs. 
hey felt that conservatism is the cause—in education, 
research support, and professional societies, as well as 
social and cultyral environment. 

In other words, too many researchers are busily plugging 
the little holes in the grille of pioneering discoveries, mak 
ing crackthroughs instead of b-eakthroughs. Part of it is of 
course that educational research, and to a lesser extent, 
industrial research, are laid out in one-year takes, because 
that’s the length of both the academic and budgetary 
years. Part of it is also that most scientific reports and 
technical papers report similar short hops—thus set a 
poor example. And part of it—not mentioned in the report 

is that there’s no sense of urgency, no gnawing hunger 
Nobody wants to muddy the water. 

Read again the first sentence of the report. What it 


says, in 29 carefully chosen, noff-combative words, is that 
we need fire under our tails instead of warm seats. We 
need, in short, to “go for broke.”” How that can be don 
in a society and an economy that welters in conservatism 
is the real problem. Educators are conscious of tradit 
and reputation, industry of the need for a high—but 
regular return on investment, societies of semiority 
decorum. 

As another conference,—that on creativity at Harvare 
last summer (PE, Aug 24 '59—p 20)—concluded, it 
incautious youth that makes the breakthroughs. This ma‘ 
explain some of the new “brain factories,” 
formed by young men with ideas for research, 


compani 
young men 
who are impatient with the ponderous carefulness of 
established companies. It may explain, too, the rise of 
younger colleges, of younger socicties, operating in new 
ways and with fewer restraints 


his has always been 


Of course they make mistakes, but t 
so. Some pioneers starved or froze to death, some forty 
niners never found gold, some creative men have neve! 
had a hearing. But others have moved our civilization 
ahead. We are entering the age of solid-state physics, anti 
gravity, super-speed and space ships. In these areas, hops 
won't do it—each new design must be a long leap ahead 
All most of us can do is to clear a space for the leaper 

So let’s do it. 





Acipco centrifugally spun 
steel tubing available 
from 2.25” to 50” 0.D.... 
wall thicknesses from 
.25” to 4” and lengths 
up to 40 feet 


The bigger your tubular steel problem — the better 


we like it! Why? Because with all our modern facil- VERSATILE ACIPCO 
CENTRIFUGALLY SPUN STEEL TUBES 


ities “under one roof,” we are completely equipped SIZE RANGE: Lengths up to 40 feet to meet modern 
machinery requirements have been produced. O.D.’s 

to handle a variety of difficult jobs — expertly and from 2.25” to 50”; wall thicknesses from .25” to 4”. 
. ’ i = ANALYSES: All alloy grades in steel and cast iron, 
economically! For expert consultation on centrif- including heat and corrosion resistant stainless steel! 
- - : plain carbon steel and special non-standard analyses 

ugally spun tube applications in your field... call FURNISHED: As cast, rough machined, or finished ma 
chined including honing. Complete welding and 


on ACIPCO. mach ne shop facilities for fabrication. 


/\ GIECO 
SPECIAL PRODUCTS 


AMERICAN CAST IRON PIPE CO. 
YZ, BIRMINGHAM + ALABAMA 


Write for FREE 
Illustrated Catalog. 
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GOVERNMENT-AIDED SCIENTISTS 


Poke into Engineering’s Future 


The National Science Foundation is expected to spend 


$190 million next fiscal year, much of it in grants 


for basic research. Here are examples of the practical 


results that tomorrow’s product-planners can expect. 


DORA K MERRIS, assistont editor 


Th. President this year proposed a record $190-million 
budget for the National Science Foundation. Science has 
the “open sesame” to Congressional purse strings, so this 
portion of the President's budget will probably be accepted 
ibout as proposed. The NSF will allocate about half its 
budget to research programs and facilities, the other half 
to graduate fellowships, institutes for highschool science 
‘eachers, and other projects in support of scientific man 
power. 

What sort of research is now in progress under the 
program? What impact will it have on future-product 
design? Here’s a survey, in a number of fields, that will give 
you an idea 


FLUID MECHANICS 


One of last year’s grants went to Frank Krieth of the 
Univ of Colorado. He is studying heat-transfer and fluid- 
flow phenomena in machine systems that are subject to 
force fields other than gravity—centrifugal force in rotat- 
ing machinery, for example. For NSF, Prof Krieth is con 
sidering two problems 

1. He has concentrated on fluids flowing in a spiral path 
through a duct. Here, he has learned that heat can be trans 
ferred to a fluid flowing along a spiral path faster when a 
tube is stationary than when it rotates. These findings may 
have application in heat-transfer devices where high heat 
flux densities are desirable in small places 

2. Prof Krieth is studying heat and mass transfer from 
a rotating disk. He has developed heat-transfer coefficients 
by means of a mass-transfer analog for disks rotating in 
different types of enclosures, and has taken motion pictures 
of smoke patterns in the airstream. These studies show that 
the airstream is not axisymmetrical and steady as predicted 
by theory, but is periodic, with the curved inflow and out 
flow streams rotating more slowly than the disk. These 
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discoveries may be applied to remove condensed vapor from 
a turbine on a space platform where no gravity exists; or t 
cool a gas turbine 
In a study related to the second phase of his NSF pro 

ect, Prof Krieth is concerned with fluid flow near a rotating 
sphere and with heat transfer from the sphere. Numerical 
solution has been obtained from a digital computer on the 
basis of boundary-layer theory. These results will be com 
pared with measurements by a hot-wire anemometer. Prof 
Krieth has used a bowling ball, with rotation speeds up to 
10,000 rpm, as his test sphere. In the future, he hopes to 
study heat transfer from rotating cones and pipes 


Other Problems with Fluids 


At Stanford Univ the problems of fluid mechanics and 
internal flow are attracting broad support from such divers« 
sources as the Air Force Office of Scientific Research, Gen 
eral Electric, and Worthington Corp. The work is under 
general supervision of Prof S. J. Kline of the dept of 
mechanical engineering. These various projects are ex 
pected to provide fundamental and applied data that will 
lead to better design of compressors, pumps, ducting sys 
tems, wind tunnels or other products where internal flow 
sets up adverse pressure gradients. Emphasis is being 
placed on flow models of turbulent boundary layers 

For his NSF work, Prof Kline has developed two special 
flow-visualization techniques that will detect a portion of 
flow not apparent in ordinary dye-injection methods. In 
studies so far of four types of flow—adverse gradient, zero 
ind slightly favorable gradients, readjusting zones, and 
transition from laminar to turbulent flow—the visual meth 
ods show a definite three-dimensional vortex flow. Prof 
Kline suggests that large-scale eddies near the wall are 
actually islands of hesitation and vortexes. These instabili 


text continued on page 45 
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2 UNIVERSITIES—-NSF RESEARCH UNDERWAY 


DATA ON INDENTATION is sought 
by Dr Goldsmith of Univ of Calif 

as he air-propels metal pellets 

against metal targets. Pellets travel 
down tube to impact point 

Graduate student in foreground 
photographs collisions. 


SHEAR-SPINNING TEST at Univ of 
Calif puts dynamometer to work in 
study of mechanics of forming 
processes. The instrument measures 
the forces exerted in three 
coordinate directions when conical 
section is spun. 


WHEN LIQUIDS VIBRATE effects 
may interfere with operation of mis- 
siles, reports Richard Skalak of Col- 
umbia Univ. Under NSF grant he’s 
studying these problems: 

Vibration that causes bubbles to 
reverse direction. Photo at left shows 
cloud of them moving downward when 
vibrated at 50 cps. Such behavior will 
cause flame-out in missiles when bub- 
bles are drawn into fuel line. Prof 
Skalak flindgs that even relatively 
stiff container walls deflect enough 
to induce pressure variations in liquid. 
These tests, extended to heavy oils, 
showed fluid viscosity has little effect 
on bubble behavior. 

Large-amplitude waves (photo, 
right), when formed in fuel tanks, 
can cause missiles to wobble. Prof 
Skalak’s study will attempt to relate 
frequency to nature of these trouble- 
some waves. Excitation frequency 
here is 6 cps. (Under another NSF 
grant, he’s studying surface waves in 
rotating liquids.» 


PRODUCT ENGINEERING - MARCH 21, 1960 





ties show up in late stages of transition to turbulent flow 
and repeat themselves over the entire length of the down- 
stream wall. They move out from the wall as they move 
downstream and break into fluctuating motion at outer por- 
tions of the turbulent shear layer. 

None of his data yet explains why the pattern exists 
And work is progressing along these lines. Prof Kline 
expects these studies to have significance not only in 
describing behavior of fluids flowing past surfaces at normal 
velocity, but also in explaining the origin of turbulence, a 
problem in such diverse fields as meteorology, combustion, 
sedimentation and heat transfer. 


Studying Fuel Injection 


Prof A. R. Rogowski of MIT has designed a special 
combustion chamber to learn more about ignition and com- 
bustion of fuel sprays. To improve fuel injection for com- 
pression engines, he says, the researcher must study air 
motion relative to fuel-spray pattern in a combustion cham- 
ber. With such information, he can develop techniques 
to control the initial combustion reaction so that more 
available oxygen is used. But heretofore, he says, such 
studies have been restricted to fixed-volume chambers. 
With his new apparatus, Prof Rogowski says, he can study 
chambers of variable geometry. 

His apparatus compresses air to suitable pressure and 
temperature with a pneumatically driven piston, whose 
velocity is controlled with a variable snubbing device. 
Hence, rate of compression and air motion within the 
chamber can be varied. And it will be possible to study 
independently the effects of air pressure, temperature, swir] 
and small-scale turbulence on early and final stages of fuel 
spray that have different patterns and ignition qualities. 

Design of apparatus is now complete and construction is 
underway, Prof Rogowski reports. Measurements will in 
clude ignition delay, rate and magnitude of pressure rise 
from combustion, and time for complete reaction. 


MECHANICS OF MATERIALS 


Little information is available on the behavior of various 
metals when they collide with others, according to Dr 
Werner Goldsmith, associate professor of engineering me- 
chanics at Univ of Calif. He has undertaken an experi 
mental study of the relative indentation made by spheres 
and cones when forced into a plane surface. From empiri 
cal data gathered in a series of tests, Dr Goldsmith hopes 
to derive a force-indentation law that will permit mathe- 
matical analysis of collision problems. He reports a series 
of tests in which he fired hard-steel spheres against several 
targets—hard steel, soft steel, hard aluminum, soft alu 
minum and lead—at speeds up to 500 ft/sec. He has 
developed both statistical and dynamic indentation laws for 
these materials. Tests are now underway to determine 
behavior of brass spheres fired against targets of various 
materials. 

In another phase of his project, Dr Goldsmith is split- 
ting lead and aluminum blocks and marking them with 
grid-line deformation are yielding information on plastic 
clamped together and struck with large steel balls moving 
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Engineering’s future «ou: 


at various speeds with pendulum motion. Photographs of 
grid-line deformation are yielding information on plastic 
deformation that results from such collisious. Experimental 
work is now complete and analysis is underway 


Predicting Metal Behavior 


Dr Erich Thomsen of the Univ of California hopes to 
develop a basic understanding of the mechanics of forming 
processes so that behavior of the various metals will be pre 
dictable without actual tests. For his initial studies, Dr 
Thomsen has chosen two metals: commercially pure alu 
minum, which is subject to work hardening; and lead 
which is subject to strain rate effects. He is studying the 
behavior of these metals under various processes including 
extrusion, spinning, shear spinning, press forging, rod draw 
ing and pierced sheetmetal. So far, says Dr Thomsen, he 
has gained considerable insight into the mechanics of 
extrusion and press forging 


New Theory for FRP 


Under one NSF grant, at Univ of Vermont, current 
theories on how fibers reinforce plastics are under study 
Six graduate students under Prof John O. Outwater, chait 
man of the mechanical engineering dept, are studying the 
fundamental mechanics of fiber-reinforced materials—look 
ing for a theory of fiber reinforcement that may suggest 
new materials (for example, fiber-reinforced metals) with 
desirable properties not now available. At present his study 
is concentrating on the question of why a fiber embedded 
in plastic increases the material's strength, rather than pull 
ing out as might be expected. Strength of fiber-reinforced 
materials, he finds, results because resin shrinks thermall; 
around the fiber, thereby gripping it. Originally, Prof Out 
water had expected an adhesion reaction. Instead he found 
that strength comes from friction between resin and fiber 
so depends partly on their thermal-expansion characteristic: 


Vibration in Metal Bars 


Prof M. K. Newman of Notre Dame’s mechanical engi 
neering department is employing his NSF grant in 
study of flexural vibrations of metal bars to establish an 
analogy between the mechanism of viscoelastic damping 
and that of thermoelasticity. With metals, the thermal 


‘losses are generally important. Changes in volume of a 


solid will be accompanied by changes in temperature. 

When a bar flexes, a temperature difference is estab 
lished across it. The outer side, under tension, will be 
cooled; the inner side will be heated. Thus, heat flows con 
tinuously back and forth across the bar as it vibrates. 

At very low frequencies, heat transfer is isothermal and 
hence reversible, so that there is no loss. At very high fre 
quencies, there is no time for heat flow within the stress 
cvcle and conditions are adiabatic. Again, there is no loss 

However, when the period of vibration is comparabl: 
with the relaxation time for conduction of heat across the 
bar, mechanical energy converts irreversibly into heat which 
appears as internal friction. 

Viscoelastic analogy is obtained by writing the beam 
equation to include effects of rotary inertia and shear 


continued, next pace 
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Engineering’s future continued 


RESEARCH TO IMPROVE ALLOYS calls for studying 
heat capacity of the metals. Univ of Calif research assistant 
checks low-pressure calorimeter used in such tests. 


Damping is chosen so that the tensile stress in bending is 
proportional to the extensional strain and strain rate (a 


Kelvin-Voigt model). 
Damping Curves Compared 


Prof Newman states that proper choice of the damping 
constant gives damping curves similar to those of thermo 
elastic damping. For this, periods of flexural vibrations 
must be comparable with relaxation time of the viscoelastic 
strain. 

lhe viscoelastic model is a mechanism for conversion of 
mechanical energy into heat, whereas the thermoelastic 
model describes how irreversible heat loss occurs by con 
duction. Since all mechanical energy losses appear as 
heat, Prof Newman thinks it worthwhile to show that the 
two models can be made to agree numerically. 

\ better understanding of internal damping by means 
of these models is of interest, he says, to engineers con- 
cerned with vibration damping. 


METAL PHYSICS 


Fatigue cracks are a perpetual hazard. Despite consid 
erable research, little is known about the events that cul 
minate in a fatigue crack, according to Prof Richard A 
Dodd of the Univ of Wisconsin. But current theory 
suggests that repeatedly deforming a metal develops an 
abundance of lattice-point defects in the form of vacancies 
or interstices. These defects are believed to trigger or 
interact with dislocations to produce cracks. One theory, 
Prof Dodd says, suggests that vacancies accumulate in 
clusters to form subsurface voids that crack open; another 
suggests an interstitial cluster or vacancy can grow to criti 
cal size to form a prismatic dislocation loop that slips to 
form extrusions and intrusions, then cracks; and a third 
says that screw dislocations on adjacent planes within the 
metal develop cross slips that lead to extrusions and intru 
sions, then cracks. 
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But his NSF researches, Prof Dodd says, lead him to 
believe that nonaxial loading plays a more crucial role than 
point defects in fatigue of metals under repeated tensile 
stress. Prof. Dodd reached this conclusion as a result of 
electrical-resistivity tests he ran on nickel wire to get infor 
mation on lattice defects. He found that after 5000 stress 
cycles in tensile fatigue, nickel resistivity was no greater 
than it would be from one application of the same tensile 
stress. He is now making resistivity measurements on 
rotating-beam specimens, on the hypothesis that reverse 
straining is necessary for fatigue. 


Alloy Project Begins 


Dr. Ralph Hultgren of the Univ of Calif is embarked 
on a project to measure alloy heat capacities between the 
temperature of liquid hydrogen (12 deg Kelvin) and room 
temperature. Dr Hultgren expects this work to contribut« 
to understanding of the metallic state, to expand knowl 
edge on the nature of alloys, and contribute to produc 
tion of better alloys. He is still perfecting apparatus for the 
project. Experiments will consist of placing a sample alloy 
in a thermally insulated calorimeter. Sample will be cooled 
to the temperature of liquid hydrogen, then energy will be 
idded electrically in small increments, and resulting tem 
perature rises will be recorded. From these data, Dr Hult 
gren hopes to establish heat-capacity curves for various 
alloys. And by extrapolating the curves downward, h¢ 
will calculate the entropy of formation of alloys at abso 
lute zero. The curves will probably also isolate certain 
anomalies of heat capacity that result from changes in mag 
netism or electric state 


COMPUTERS 


Case Institute of Technology has several systems-research 
ind computer-control-research programs underway. One 
program, under direction of Dr Irving Lefkowitz of the 
dept of mechanical engineering, is delving into the prob 
lems of self-checking computer operation. This program 
has been augmented by a three-year, $45,000 grant from 
the NSF to Dr. Lefkowitz and his colleague, Dr Donald 
Eckman, for research on the validity of approximations 
to the behavior of physical systems. Explaining this work, 
Dr. Lefkowitz says that when computer control of indus 
trial processes comes about, control programs will have to 
be written with less-than-complete data—but will have to 
produce fairly accurate results. In this study, Drs Lef 
kowitz and Eckman hope to come up with general prin 
ciples under which a complex and multidimensional indus 
trial process can be described in a simple mathematical 
model. This set of principles, they emphasize, will be a 
model, not a formula to suit all cases. Finally, they hop 
to find some measure of the control accuracy that can be 
achieved with such approximation. At present, they are 
applying the general principles to a single-batch process 
rhey will evaluate performance with this model, then use 
results to correct the model . 
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-++e+. UNFOLD 


.... DRAPE AGAIN 


CONTOUR WEAVING 


gives 3-D Preforms for REINFORCED PLASTICS 


Newest process for shaping fabric reinforcement 


gives high glass content, continuous fibers and 


controlled glass distribution— 


three advantages hard to get for irregular-contoured shapes 
like the helmet liner shown here. 


ARTHUR R CAMPMAN, technica! service 
Raymond De-lcer and Engineering Co 
Huntington Park, Calif 


A new technique for making glass fabric preforms used 
in reinforced plastic parts, called contour weaving, com 
bines the key advantages of three other important fiber- 
glass-reinforced processes (PE—Jan 11 °60, p 47)—and 
bypasses some of their limitations. By adapting established 
weaving processes, 3-dimensional cloth preforms can be 
fabricated in symmetrical or irregular shapes. This means 
you can now specify FRP structures with the following un 
usual features: 

1. The high strength that comes from the high glass 
content possible with hand lay-up, without the costly hand 
fit-up this process requires on double-contoured parts. 

2. The continuous reinforcement feature of the filament- 
winding process, without the restriction of shape to sur- 
faces of revolution that the winding process imposes. 

3. The control of preform density obtainable with the 
wet-slurry method, without the limitations on max glass 
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content inherent in this and other chopped-fiber preform 
processes like air preforming 


Why 3-D Reinforcement? 


Impetus for development of contour weaving came from 
the unique requirements for reinforced plastic radomes in 
aircraft and missiles. Precise thickness and density control 
is the major need here—difficult to achieve when surface 
contour becomes irregular. This is because flat-woven 
fabrics can be distorted by only a limited amount, even 
though certain weaves—like satin weave—better lend 
themselves to draping over double curvatures than do 
plain weaves. But even the satin weave, with its ability 
to slip and wrack, will not follow the contours of many 
molds without wrinkling or overlapping 

To compensate, techniques of cutting gores into the 


ntinued on page 4 





The Basic 2-dimensional Weaving Process 





cn lel 
se 


HERE ARE THE BASIC ARRANGEMENTS and motions by which 
fabrics have been made for centuries. Though modern looms use power 
and complex controls, the fabric produced has simply length and 
width—like earlier fabrics. Two yarn systems are employed: the warp 
(running lengthwise) and the filling or weft (running crosswise) 
Warp yarn is prepared by wrapping around a warp beam the required 
number of warp strands according to fabric specifications. These warp 
strands are drawn, alternately, through heddle eyes—then through 
a reed, and around a take-up roll. In operation, one set of heddles is 
raised and the shuttle carrying the fill yarn passes under one set of 
warp yarns. The reed then sweeps forward, carrying the fill yarn to 
its place in the fabric—and the take-up roll advances the fabric a 
predetermined amount. On the next cycle, the other set of heddles 
lifts, with the shutter passing under it on the reurn trip Rapid 
alternations of heddles as the shutter passes back and forth forms 
the fabric. 

When the heddles are lifted in certain fixed, predetermined groups, 
simple patterns can be produced—essentially the Jacquard loom de- 
veloped in the early 1890’s. For more intricate designs, warp yarns 
must be lifted individually, rather than in groups—and for this, 
Jacquard developed a perforated card system that selected and raised 
the required warp ends in a predetermined sequence and arrangement 
With many mechanical improvements since its inception, this Jacquard 
loom is now the key to 3-dimensional weaving of complex preforms for 
reinforced plastic parts. 


Quick Glance at the Method 


Contour Weaving, a veriation of Hand Lay-up, was developed for 
parts of broad, irregular, three-dimensional contour. In these cases, 
conventional glass cloth or mat does not drape well, must be spe- 
cially tailored, and is hard to hold in place. In contour weaving, 
carpet looms have been ingeniously adapted and programmed to 
weave a complete circumference of glass cloth to the shape of the 
final object. This cloth shape is pulled over the mold like a sock 
(but woven, not knitted), and catalyzed resin is sprayed or brushed 
on as in conventional Hand Lay-up practice. Matched metal-die molds 
can also be employed. Curing completes the part. 


What 3-dimensional 


Woven in 2 layers, 
opens here, edge 


Semicircle stroight 


2 layers open here, 
this edge straight 


Semicircle 


Edge curved in 
weaving, becomes 
straight when pulled 
over hemispherical 
mold 


3 folded double layers 
make preform. 
Unfold and open here. 
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Weaving Does 


SIMPLE TUBES are easily woven on conventional 
looms as a continuous fabric, but in two layers. 
Opening the layers forms the tube or cylinder— 
the manner in which burlap bags are made. The 
only variation from the simple arrangement for 
2-D weaving is that a minimum of four sets of 
heddiles are required, two sets for the top layer 
and two sets for the bottom layer. Glass cloth 
tubing made this way is used as reinforcement 
for specialty FRP pipe and tubing. The cylindrical 
glass sock is pulled over a mandrel, dipped in 
resin and autoclave-cured. 


VARYING THE CIRCUMFERENCE of the tube 
by progressively eliminating selected warp ends 
in accordance with a mathematically computed 
design is the next step toward 3-D weaving. This 
is accomplished with the Jacquard loom, which 
can select and raise any warp end according to 
the design coded on the perforated cards. Sketched 
at left is a tube incorporating a semicircular clo- 
sure by Jacquard technique.. When opened, the tube 
approximates a hemisphere. Placed over a hemi- 
spherical mold however, such a sock will not fit 
accurately because of the double curvature. This 
is the same problem that perplexed map-makers 
for centuries—how to portray the earth’s surface 
on a flat plane. 


SIMPLE CURVATURE CORRECTION can be ac- 
complished by the differential take-up method— 
adding a variable-cross-section take-up roll to the 
standard Jacquard loom. The double-layer shape 
shown at left will form an accurate hemisphere 
when opened—tlike half of a hollow rubber ball that 
has been flattened. In weaving, the problem is 


taken up evenly as the 

fabric is woven. Contour of the 

is determined by slicing the shape to 

be woven into a series of concentric circles—each 

the base of a cone with sides tangent to the sur- 

at that base. The ratio of slant height to 

vertical height for each cone, when flattened, gives 

the relation between the roll’s center dia and its 
dia at the profile point in question. 


FOR GREATER CURVATURE CORRECTION, 
encountered on some shapes, modified take-up 
rolis and Jacquard programming are not enough. 
In these cases, a folding technique has been de- 
veloped. The basic idea is to weave the sock as 
a folded shape whose curvature correction is 
small, compared to that required for the unfolded 
shape. The example here shows a cylinder with 
a hemispherical end, woven as six folds or layers 
—each comprising a 60° sector of the final shape. 
This requires six transits of the shuttle to make 
a complete circuit of the fabric, thus production 
of this type of preform is slower. Some shapes can 
be woven in four layers. Multilayer technique 
is particularly suited to asymmetrical preforms. 
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fabric have been devised, and thousands of yards of 
cloth are laid up by hand daily this way. While th 
works for open-mold processes, matched metal-die mold 
ing poses a stability problem: the glass cloth must stay in 
position during mold closure. In some intances sections 
are pasted in place, but slippage often results. In others 
sections are sewn together, but resulting heavy ridges in 
the part create resin-starved areas 

Knit fabrics are one answer; they will readily contorm t 
an irregular surface because they are so elastic, This turn 
ut to be a disadvantage: knitted fabrics thin out when 
stretched, giving too much variation in fiber/resin rati 
Then, too, springback makes the preform hard t hold 
in place. For these reasons, knit preforms are seldom 
specified. 

To avoid such molding problems, stemming from th 
2-dimensional character of conventional fabrics, the weav 
ing process itself was studied closely. By combining old 
techniques like Jacquard programming, with new idea 
like weaving a fabric in folded form, contour weaving 
emerged—which does away with hand fitting while r 
taining the essential and desirable qualities of woven rein 
forcement. A simplified explanation of how the techniqu: 
works is given in the accompanying sketches. Finished 3-D 
preforms can be employed with either matched metal-dic 
molding or in hand lay-up processes for final fabrication 
of the FRP part 

Note that these fabrics are truly contoured in threc 


dimensions. There are 2-dimensional fabrics of appreci 


able thickness—towelling, carpeting and heavy multi-ph 
webbing, for example. One new fabric gets a 3-D effect by 
employing two or more distinctive yarn types, each with a 
different degree of shrinkage when chemical treated—giv 
ing a pucker effect. These basically 2-dimensional fabri 
are rarely used in reinforced plastics—and then not fi 
double curvature problem 


Design Considerations 


The loom is controlling factor in the process. What lim 
tations, if any, does this place on design? Based on exper 


ence to date, these design guides will be found useful 


Material. Practically any continuous filament with ade 
quate flexibility can be loomed. Primary emphasis so fat 
has been on glass as a standard. Contour-woven honey 
comb (see photo, page 50, and PE—Mar 14, p 17), has 
been manufactured in not only glass, but cotton, nylon, 
stainless steel wire and other special-drawn wires. Fiber 
materials can be mixed, in special cases 


Properties. Strength and other properties of FRP made 
from contour-woven preforms are identical with that for 
any laminate made with standard-weave fabrics, except that 
range of variation is less because glass content and di 
tribution is more closely controlled. Properties shown in 
the accompanying table are considered typical for Style 
181 glass cloth reinforcement using general-purpose poly 
ester resin. Design of contour-woven parts can be based 
on the high end of the ramges shown. Where directional 


text continued next page 








stresses exist, added glass can be woven in the direction 
Typical FRP Laminate Properties required 
(Style 181 cloth with polyester resin) Shape. It's dithcult to generalize on limitations for 
siceatnaet ed , over-all size and contour. This is because the folding tech- 
Spedic gravity... nique often allows a large, asymmetrical shape to be re 
: duced to a simpler one. The tote box and experimental 
Tensile strength, psi x 1000 boat hull in photos on this page show extremes in siz 
Flexure strength, psi < 1000 that have been tried so far. Best procedure is to design the 
Teuillé endiien, 68 10° part with the contour needed—avoiding sharp discontinui 
ties, where possible—then consult with the preform builde: 
is to its feasibility for contour weaving, either using differ 
Unnotched impact, ft-lb /in ential take-up or folding techniques 


Flexure modulus, psi < 10 











Thickness. ‘Thick parts are produced by fitting 


SHAPES THAT ARE NOT SURFACES VARIABLE WALL THICKNESS » 
OF REVOLUTION can be woven also, with the same fiber-to-resin ratio is 
as shown by these two applications: Tote a special feature that can be built 
box at left is woven in one piece, so the into loom-woven 3-D preforms. Jac- 
rectangular preform slides readily over quard programming achieves this 
the mold. Dark areas are wooden slats in nearly stepless increments. In 
inserted for local stiffening. Top corners cross-section shown, variable thick 
are depressed, bottom corners raised, to ness for special-purpose radome 
facilitate nesting. Increasing output per was woven by using two complete 
die is another important advantage—par- warp yarn systems—exchanging 
ticularly on a complex shape like the the lighter warp for a heavier 
experimental boat hull shown at right. yarn at precisely programmed 
When high glass content is required, points along the profile 

hand lay-up is the only method, so far. 

This requires each mold be out of mold- 

ing use for substantial periods while 

cloth is being cut and tailored to shape. 


.- q FIBERGLASS HONEYCOMB is one 

k product of research into weaving of 
cellular fabrics. Using special looms, 
honeycomb like that shown here can 
be woven with hexagonal or square 
cells. In this expandable fabric, the 
node points are mechanically joined 
in the weaving process by working 
the warp yarns together. The mate 
rial as it comes from the loom (right) 
is first trimmed, then expanded and 
dipped into polyester resin, and cured 
(left). Normal weights of expanded 
and impregnated material run from 
2 to 10 lb per cu ft 
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ple preforms over the mold—the same procedure followed 
in hand lay-up. Outer layers must be made slightly bigger, 
by reprogramming the Jacquard loom, if more than about 
three layers are to be used. On variable thickness, contour- 
woven preforms can change thickness either gradually or 
abruptly, in either the warp or weft direction, by changing 
the number of threads handled by the loom at that point. 


Draft. Woven preforms have a limited elasticity, and 
parts therefore must have positive draft unless they are 
cylindrical. The standard 3° min draft for FRP parts is a 


good rule to follow here. 


flat cloth. For commercial industrial applications, thes 
savings are very high because the use factor on molds 1 
high and fitting time is very low. This requires a fairly 
high production rate to achieve, however. A good rule of 
thumb might be 1500 parts per month to make loom pro 
gramming pay off. 
military, high-performance 


For some applications, particularly 
laminates are a must—even 
though production rates may be low Here, the proces 
is specified because it’s the only way to get the perform 


ance desired. 


REPRINT COPIES of this report are available for 25 cents 


each by addressing Reader Service Dept., Product Engineer 


Holes. Within the contoured preform itself, openings 
These should be cut after the 
either by punch or saw. 


cannot be programmed 
laminated shape is made, 


Cost. Parts using contour-woven 
considerably cheaper than the same parts made by hand 
lay-up, even though cost per sq ft is 3 to 5 times that of 


preforms can be 


glass reinforced 


plastic parts 


ing, 330 W 42nd St, New York 36, N. Y 
EDITOR’S NOTE: This is the fifth article in a continuing 


series on the seven basic processes for fabricating fiber 


When the series is com 


pleted these articles will be combined in a 48-page booklet 
and made available to interested readers 


1960 ASME DESIGN ENGINEERING CONFERENCE 
NEW YORK COLISEUM, MAY 23-26 


Ne ssions ca h forenoon on: new horizons 
in design, materials, fabricating methods, 
hydraulics; design for automatic manufac- 
ture; computers in design and for con 
Monday and 
Thursday; three concurrent sessions on 
luesday and Wednesday. Here is the 


trol. Single sessions on 


onference program 


Monday, May 23, 9:45 am 

New Horizons in Engineering Design 
How new design knowledge developed 

specifically for nuclear and space tech 

nology can be applied to design of com 

mercial products 

Dryden 

deputy administrator, National Aeronautics 

ind Space Administration; Dr Arthur R 

Kantrowitz Avco-Everett Re 


Co-cchairmen: Dr Hugh |! 


director, 
search Laboratory 

Panel members: William R. Gall, chief, 
design section, Reactor Experimental Engi 
neering Div, Oak Ridge National Labora 
tory; Varick D. Schwartz, assistant proj 
ect manager, Army Boiling-water Reactor 
Project, Combustion Engineering; George 
P. Sutton, chief scientist, Advanced Re 
search Projects Agency, Dept of Defense; 
Elmer P 
neering, Missiles and Space Systems, Doug 
las Aircraft Co 


Wheaton, vice-president-engi 


Tuesday, May 24, 9:30 am 

(three concurrent sessions ) 

1. Reliability as a Design Problem 

Reliability Prediction as a Design Tool 
(60-MD-1) by Thomas C. Reeves, di 
rector of product assurance, RCA De 
fense Electronic Products Division. 

Impact of Reliability on Design (60-MD-2) 
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by Harry R. Powell, member of senior 
staff, Space Technology Laboratories 


2. New Fabrication Processes 

New Welding Processes (60-MD-3) by 
John J. Chyle, director of welding r 
search, A O Smith Corp. 

Metal-part Fabrication by Explosives (60 
MD-4) by Vasil Philipchuk, manager, 
Special Projects Department, Ameri 
can Potash & Chemical Corp 


3. Hydraulics—Extreme-service 
Frontiers 

l'rends and Factors Influencing Hydraulics 
(60-MD-5) by Edward Brown, director 
of engineering, Machinery Hydraulic 
Division, Vickers Inc. 

Hydraulic Fluids—Today and Tomorrow 
(60-MD-6) by Richard L. Leslie, super 
visor, Research and Development De 
partment, Vickers Inc. 


Wednesday, May 25, 9:30 am 

(three concurrent sessions ) 

1. Computers for Control Systems 

Analysis of Control Systems by Analog 
Computers (60-MD-7) by William E. 
Sollecito, systems analysis engineer, Gen 
eral Engineering Laboratory, General 
Electric Co 

Computers in Control Systems (60-MD-8 
by Dr Arthur S. Robinson, assistant 
chief engineer, Advanced Electronic Re 
search & Development, Eclipse-Pioneer 
Division, Bendix Aviation Corp 


2. Materials—Selection and 
Processing 


Some Considerations in the Use of High- 


strength Steels (60-MD-9) by A. M 
Hall, division chief, Battelle Memorial 
Institute 

Increasing the Performance of Nonmetallic 
Structural Materials (60-MD-10) by 
W. E. Dirkes, chief, Plastics Branch, 
Materials Laboratory, Wright Air Ds 
velopment Center 


3. Automation—Design for Auto- 

matic Assembly 

Concept of Modular Design for Mecha 
nized Assembly (60-MD-11) by A. A 
Lawson, consulting project engineer 
Melpar Inc. 

Basic Design Parameters for Automatic 
Assembly (60-MD-12) by Robert Esken 
supervisor, Autometrology Section, Shef 
field Corporation 


Thursday, May 26, 9:30 am 
Use of Computers in Design 

Types of design problems that can 
computer solved; types of computers t 
use, training of personne]; cost of installa 
tion and operation 

Co-chairmen: Dr Julius Aronofsky, man 
ager, Electronic Computer Center, Socony 
Mobil Oil Co., Inc; 
pervisor, Engineering Computer Section 
Worthington Corp 

Panel members: FE. F 
mathematician, Control 
General Engineering Laboratory, Genera! 


Raymond Payne, s 


Magnusson 


programming, 


Electric Co.; George Ryckman, supervisor 
Data Processing Group, General Motor: 
Research Corp.; General Motors Corp 
Dr Aaron Finerman, manager, Digital 
Computing and Data Processing Division, 
Republic Aviation Corp 
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PRODUCT DESIGNS 


Volumetric 
feeder 


Volumetric 
adjustment 


Does It All— 


Forms, Fills 


and Seals Bags 


Problem: Design an automatic machine that not only 
fills but makes the bags—and does it with a smooth 
straight pull that won’t distort flexible film material. 
Solution: a spring-counterbalanced, crank-operated 
drawbar. When size of bags needs changing, it’s 
done quickly, thanks to adjustable four-bar linkage 


and unitized quickly interchangeable size parts. 
MULTIPLE DUTIES OF THE PACKAGER 
can be broken down into product feeding, 
paper feeding, bag forming, and sealing 
Product-feed method depends on nature 
of the material—volumetric feed shown is 
r folder for free-flowing products without variations 
. in volume. Net-weight scales, auger o1 
Tracking liquid feeding, can be installed to handle 


—< — web other types of products. 
di id \é contro/ Paper feed starts from the stock rolls 


mounted on rear of the machine, passes 
over a series of rolls to the folder. Here 
Seam-sea/ the sheet is curled into a continuous open 
tube sleeve around the seam-sealing tube. Ver- 
tical seam is then sealed to produce a 
Long-seam tube. Next, lower end of the paper tube 
seoler is sealed; tube is pulled down and filled, 
its upper end is sealed and cut off; and 
eP) o esulting package drops into delivery chute 
Bridge Sealing of the continuous sleeve is 
accomplished by the long-seam_ sealer, 
mounted on a hinged gate. A tierod and 
bell-crank linkage connected to the gate 
Sealed pull the gate and heat sealer into contact 
: with the seam-sealing tube to close over 

a eve lapping edges of the open sleeve 

Conhet 1119 


‘eb 


t 

End sea/er PS After measuring the product, this 
‘ machine goes on to form and fill the pack 
age, close it and deliver it—ready for 
shipping. Produces bags ranging in size 
from 3 to 15 in. long, 2 to 8Y2 in. wide. 
Changing to another bag width takes 
about 15 min., bag length can be changed 
in less than five min. Producing up to 75 
filled bags per min., the packager handles 
all heat-sealing flexible films and papers. 
TRANSWRAP S-750 is made by Package 
Machinery Co, East Longmeadow, Mass. 


= 


< 
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ee “gee 
Counter bolance Be! \ 
ee Spring ‘ 


Seam-seoling tube PloHorm 


Connecting rod 


CTC tc) 











THE DRAWBAR mounts the dies that seal filled bags at both ends 
then cut them off. At top of stroke (A) air cylinder on the platform 
closes the end seals by means of the connecting rods and toggle hub 
This seals top seam of the filled bag plus bottom of the next bag 
As the drive crank continues rotating, the link pulls drawbar down 
ward (B). This pulls the sealed paper sleeve down the seam- 
sealing tube. Length of this downward stroke is adjustable and de- 
termines length of the bag produced. At end of stroke (C), the end 
seals open and release completed package into the discharge chute 
As the rotating crank drives drawbar up, open end seals clear the 
bag as it is filled. 

The end seais are plug-in units that slide on the horn rods and 
are pinned to the connecting rods which open and close them 
Change-over is accomplished by removal and substitution of the de 
sired sealing dies as determined by the material to be sealed 








PAPER IS SUPPLIED to the folder and seal tube by eries 
rollers that keep web always under control. The slackener 
prevents overrun by actuating a paper-roll snubber—paper is kept 
between prefeed roll and supply roll under a constant, even tensio1 
Prefeed roll is connected to the drawbar and follows its motion 
Function of this roll is to pull the required amount of web for the 
bag being produced during off cycle of drawbar. This prevents 
stretching of the material and permits faster drawbar action 

The paper-brake rolls clamp the web and hold it while the prefe« 
roll is pulling the web. This keeps the paper from being pulled 
back up the seam-seal tube. The web-tracking roll is adjustable by 
two control knobs on the face of the machine. This roll is used to 
correct paper-alignment conditions that would cause wrinkles o1 
creases in the folder 
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PRODUCT DESIGNS 











Harnessed 


Electrons 


Eliminate Optics 


Cathode-ray tube is put to work here in a 
fast-printing method—no need for sensitized 
paper. High definition for line or continuous 
tone is achieved by using 0.001-in. conductive 


elements and electron beam. 


OPERATING CIRCUITRY and components of tubes 
are similar to those normally used for display, read- 
out or oscillographic applications. Ordinary tele- 
vision components and techniques are satisfactory 
in many instances. For operating convenience, the 
tube can be run with the printing head at ground 
potential 


PS . . . Cathode-ray tube for high-speed electronics 
printing on nonsensitized dielectric material can handle 
writing rates of 0.1 microsecond per element. Possible 
applications are computer readout, controlled data 
storage and erase for display maps, multiple copy 
reproduction, and simultaneous recording at any number 
of stations. Tube shown has 234-in. printing head; can be 
produced up to 12 in. wide. Printapix tube is produced 
by Litton Industries Electron Tube Division, San Carlos, 
Calif. 





Meta/ 
e/ements 


high-definition 
e/ectron beam 











METALLIC ELEMENTS are 0.001 in. dia on approximately 
0.004 in. centers, provide an element density of 62,500 conductors 
per square inch. Deflection of the electron beam along the print 
ing-head width accomplishes one dimension of motion. The 
dielectric material is positioned immediately adjacent to the writ 
ing head, and movement of this base material past the tube fac« 
provides the orthogonal displacement 

Electrons in a high-intensity, high-definition beam produce a 
charge pattern on the dielectric surface, through the printing head 
This charge pattern is produced by metallic elements penetrating 
the thin, vacuum-tight glass face-plate. The charge image, eithe 
line or continuous tone, is rendered visible by adherence of a 
pigmented powder or floc, which may be permanently fixed by a 
rapid heat process, or erased for reuse of the base material 
such as low-cost ordinary paper. Paper with a glossy surface pro 
vides excellent results. Printing quality can be improved by ren 
dering the opposite side of the paper slightly conductive. Material 
transport requirements depend on the proposed application 
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a faster way to 


SET STATISTICAL TOLERANCES 


M F SPOTTS 
Professor of Mechanical Engineering 
Northwestern University 


The engineer who specifies that a part shall meet cer- 
tain tolerance limits and then expects all production parts 
to fall within that range is unrealistic. Without 100% 
inspection—a slow and expensive process—there will al- 
ways be some parts larger than the maximum specified 
dimension, and some smaller than the minimum. And 
when two such uncontrolled mating parts come together 
for nonselective assembly, there is a statistical chance that 
some pairs won't fit. One answer is to set extremely tight 
limits; but this can complicate the machining process and 
may increase costs prohibitively. 

The chart on p 56 shows a simple way to set less-de- 
manding tolerances and still be assured of only a small 
number of misfits—without tightening inspection or 
changing assembly methods. These “natural tolerances” 
depend on the natural deviation of dimensions in a statisti- 
cally normal production run. The following example shows 
the difference between the two methods. 

Suppose a 2-in. shaft must fit into a hole with an 
average clearance of 0.0004 in. and a minimum clearance 
of 0.0001 in. When setting tolerances the traditional 
way, a designer estimates that the hole must have a toler- 
ance range roughly twice that of the shaft, because the 
hole will be drilled and reamed but the shaft will be 
turned. He therefore specifies 1.9996 +0.0001 in. for the 
shaft, and 2.0000 +0.0002 in. for the hole. These toler- 
ances may give him the desired clearances—but he doesn’t 
know for sure. Further, he has no measure of the risk of 
producing misfit assemblies. 

Natural tolerances take advantage of the facts of 
production. Many of the parts will be very close to 
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nominal dimension and nearly all will fall within the tol 
erance limits. But unless all parts are inspected, there will 
be no way of eliminating those few that exceed tolerances. 
This is a common statistical situation and is described by 
the normal distribution curve 


Nomina 
Dimension 


which shows the number of parts produced for any given 
dimension. The area under the curve is the total number 
of parts, and its shape depends on the root mean square of 
all deviations from the nominal value. This is called stand- 
ard deviation or co. 

For precise production, the curve is high and narrow, 
and o is small; for less precise production, the curve is 
broad and flat, and o is large. Although the curve stretches 
to infinity in both directions, the area under the curve 
between +30 amounts to 99.73% of the entire area. 
These limits are the natural tolerances of the process. 

In an assembly of two parts with normally distributed 
dimensions, the clearance, w, between the two will also 
have a normal distribution. 


The standard deviation, o., of this curve depends on the 
standard deviations of the component parts: ¢, for the 


REPRINTED—Circle P38, Inside back cover 55 





“NATURAL” TOLERANCES FOR TWO MATING PARTS 





A |t 





For the common case where range 
f tolerances on both parts is the 
same (o./es = 1), substitute values 


the following equation 


Tole rance = 3a i 3 
tv2 
w’ is desired average clearance 
veen the two parts, and t is value 
from table corresponding to pro 
n of parts, A, that may be 
rmitted to have clearance 
than min learance we 
mpanying 


article gives equati 
use where range of tole: 
m the two parts is different 


BSE 3555 


S 


EOE NEE 


» 
° 


gg83 


iller of the two, an for the larger 
his is given by the equation 


on y 
Gg, i > 
Jot 
[he second form of the equation is 
most useful because standard deviation 


SEEE EGESE SBCB 


f component parts is seldom known, 
whereas ratio of standard deviations can 


0668 
0655 
0643 
0630 
0618 
0606 
0594 
0582 
0571 

0559 
0548 
0537 
0526 
0516 
0505 
0495 
0485 
0475 
0465 
0455 
0446 
0436 
0427 
0418 
0409 
0401 
0392 
0384 
0375 
0367 
0359 
0351 
0344 
0336 
0329 
0322 
0314 
0307 
.0301 
0294 
0287 


usually be estimated with fair accuracy 


Table predicts misfits 





The exact shape of this assembly curve 
; valuable for setting tolerances because 
it shows the nurmber of assemblies that 
can be expected for any given clearance 
Further, the proportion of the area under 
the curve between —o and some mini 
mum desirable clearance, w,, tells the 
percentage of misfit assemblies. This 
proportion of the area will depend on 
the ratio between o,, and the difference 
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between w, and the mean value of the curve, w’. Thus, 
the area, A, between — oo and w, is a function of 


Defining this ratio as t, and substituting from the prev 
yus equation gives 


he relationship between t and the area between a 
and w, is summarized in the accompanying table, wherc 
total area of the curve is | 

Looking again at the problem with shaft and hole 

Desired average clearance is 0.0004, and minimum clea 
ance is 0.0001. The designer estimates that 2% of the 
assemblies can be permitted to have clearance less than 
0.0001, therefore the area between co and 0.0001 will 
be 0.020. This gives a t value, from the table, of 2.054 
With a ratio of 2 between tolerance of hole and shaft, as 
before, the values are substituted into the equation 


Ww; 0.0004 0.0001 
cL ) 2.054 v1 + 2 


CG, 


= ().000,065 


0.000, 130 


EDITOR’S NOTE: Three previous ar- sions are nonparellel 


ticles present other methods of setting gular. 
tolerances on production assemblies. 
Vectors Simplify Tolerance Analy- 
sis, July ‘57, p 195. A graphical method 
for pile-up of tolerances when dimen- 


The natural tolerances for these parts are three times the 
standard deviation for each, or: 


0.000.195 


tolerances on shaft = 3o, 
; +().000,390 


tolerances on hole =3o, 

hese are almost twice as large as thos«: originally set 
yet, with normally distributed production, only 2% of the 
assemblies will fail to meet minimum clearance specih 
tions. Notice that the min allowable hole is smaller tha 
the max allowable shaft, making it possible to have som 
issemblies with interference 

The percentage of interfering assemblies can be 
puted with the same formula. It is the area between 
ind w, 0 or, 


0.0004 0 
0.000,065 Vv 5_ 
A = 0.003 

that is, only three assemblies in 1000 

If the person checking the specification infamili 
with statistical tolerances, he may think these overlapping 
tolerances will result in many interfering assemblies. ‘I 
avoid such conflicts between the engineering staff and 
drawing inspectors, be sure that the checking staff has 
been schooled in the principles underlying this method 
before drawings are submitted 


For REPRINT of above article, just check P38 on one of the 
Reader Service cards bound in this issue 


Equations Predict Chance of Misfit 
in Assembly, May 26 ‘58, p 61. These 
equations, though somewhat complex 


and nonrectan- 


Probability Applied to Assembly give statistical tolerances for assem 
Fits, Nov 25 °57, 
production, probability estimates give for both normal and rectangular pro 
better tolerances than will statistics 


For short-run blies with more than two parts, and 


duction runs 





Above a Million Psi 


lo find out how materials behave under pressures of 1.5 million 
psi and temperatures of 3500 F, engineers at Battelle Memorial 
Institute, Columbus, Ohio, have designed a “girdle” high-pres 
sure die—an extension of the “Bridgman anvil.” Specimen vol 
ume is cylindrical—0.50 in. dia and 0.35 in. high. Pressure fron 
the main ram is transmitted to tungsten carbide ‘‘pistons” nest 
ing in a central binding ring of hardened 4340 steel. For th 
limited range of piston advance used, the binding ring expand 
elastically while the volume of the specimen chamber decreases 
to produce the high working pressure 

Configuration of piston and binding ring provides mutual 
support. The high compressive force set up in the hardened steel 
ting tends to block the splitting effect of the high interna 
pressure induced in the specimen. Radial stress generated 
the carbide anvils is, in turn, supported by the steel ring 

Tool-steel rings support the straight cylindrical section of th« 
arbide anvil, and ram pressure is applied through a circular plat: 
of hardened 4340 steel. Each central cylindrical assembly is nestec 
within two concentric cylinders of tool steel. Thus, the critical 
pressure chamber consists of three concentric rings—each ring is 
hardened to a progressively lower hardness: binding ring is RC62 
intermediate ring, RC50; and outer ring, RC34. 

For room-temperature tests, the sample is in the form of a 
disk 0.010 in. thick. Friction between sample and the faces 
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arbide an 

high-temperatur t ple is pla 
sistance-heated graphite or platinum he samp 
heater are then enclosed a solid 
] 


pre transmitting 


um which serves as an ele and thermal insulator 


a aa SS nN | 


‘ 














52 


~~~ p++ +4 } + 











Tugser coe 
Carpenter Hompden fF 7 7) 
4340 steel  ahannananaan) 


> Mild stee 





NEW EQUATIONS 
SPEED DESIGN OF 
CIRCULAR-ARC CAMS 


EQUATIONS FOR 
Top or Flank Arcs 





|Top Radius 











The author’s mathematical procedure gives exact 


dimensions for circular-are cams—and will work well 


with uniform-acceleration cams. It saves time two 


ways: graphical methods are avoided; calculations can 


be made with a high-speed computer. 


JOHN S KAHR, Nordberg Mfg Co, Milwaukee 


Ciitcular-arc cams are usually made up of a series of 
concave or convex arcs, or tangents, designed to produce 
predetermined values of lift, velocity, and acceleration in 
the cam follower. Equations supplied here serve two put 
poses; they help analyze and design (1) a circular arc 
cam for a low-speed mechanism, or (2) a complex com 
bination cam, with any prescribed acceleration profile, for 
high-speed operations 

Ordinarily, cams are designed by using a combination 
of empirical equations and graphical layouts. Now, with 
the equations given here, all such computations can be done 
on a labor-saving calculator or computer, and with greater 
accuracy. 

When speeds and masses are moderate, and where rapid 
variations in acceleration are not objectionable, it could 
be advantageous to use circular-arc cams. They are cheaper 
because they can be cut with an indexing head on a 
standard milling machine. But if conditions demand com 
plex uniform-acceleration cams, these same equations will 
help determine the necessary cam radii, contact angle, and 
other factors for any point on the cam surface. 

The basic difference between the two is that in circular 
arc cams the radius is constant for a specified angle of ro 
tation; in uniform-acceleration cams it changes instantane 
ously. With the help of a high-speed computer, these 
equations can turn detailed analysis of cam factors into 
routine procedure. Such analysis can help you to compare 


58 


3 Tangential Flank 








4 Concave Flank Radius 


the relative advantages of circular-arc cams, uniform-accel 
eration cams or any combination of the two types 

The tabulated equations (sec chart) show how to cal 
culate factors for the four basic elements of circular-arc 
cams. Mathematical derivations of the key equations aré 
given at end of the artick 


TABULATED EQUATIONS 
rhe following equations are applicable to all four basi¢ 
elements in the chart 
r= B- ys B { Lift; 1/B COB a)?! t+ RIT 
Velocity Factor (also known as torque arm 
The actual cam-follower velocity is 


p tana 


p tan aw 


12 


ind the tangential velocity i 


V 


V; e 
12 


In circular-arc cams the ramp is a_ preliminar 
nominal lift and acceleration characteristics. It is us 
an approach to the main acceleration arc. The ramp 
radius is determined by the following equation 


* 


R pr “tT p? 
? = 
2( 1 — ~ cos 6 


2pip2 CoB 6 
Another important factor, common to convex, concave 
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BASIC ELEMENTS OF CIRCULAR-ARC CAMS 
___“‘Acteleration Factors 


Center of Cam to Center of Follower | 


Center of Cam to Center of Radius 





p*B*(cosa)” 
when 


t 


sina=+ sin 6 


dp 429 





p [2=a08e =20858 


-Ess] 
or 
r-(l-cos 2a) 
cos2a 


P| 


dp g2g 
ae 


or 





P* Tos a) 


when 


sina= © sin @ 


¥ 2 
P [Peet] 
or 
p[-Betreosta cos2a ] 


cos2a 


\*-(r-e}? # 


Yor B-Le0s B] 





2-cos2 a] 
cos2a 





P* Tos ah 
when 


sina == sin 8 


Use second column of Acce 


nd tangential flank 
gle of rotation t 


Dall 
taDdulated 


radius 
flank J 
flank 


lop 
(Lonvex 
l'angential 
flank 


that the 


+. Concave 
Note 
flank ai 


hoi 
hoc 


im f 
Actu 


tangential 


Che 
the 


ght-hand 


for tan 


convex, 
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coseg 


p|2 ‘won¥al 
or 


rs 1- cos2a 
pee 


cos*a 








ration Factor when a 


nflection Thi 
int where tl 


ingle, @ i 
he flank meet 
follows 


rL 
R sin 


wer the following basic el 


the ci 


However, th 


least for 


flank 


nvex 


yn type of follower dis 
that eleration 


that the 


the ICC 


gative, showing 


er this ar 


im follower i 


ition 
tion factor 


in the table gives valuc 


ive flanks 


1960 


—A- 
__ (R+B)? -L2 
| 2]R+B-Leos B) 


SYMBOLS 


tion of follower. ft /se« 
dimension at beginning of 
of follower 


er of cam to center of foll 


base 
centel in 
cent 
distance of cam center 
ramp or flank radius 
to center of follower 
follower radius, in 

R = R, 


plus for convex, minus fi 


cam radius 
top radius 
to center of follower), in 
R, = small radius of cam surface, in 
distance from center of cam to center of r 
lb 
] 


saring-pin i 


acceleration force, 
F tan a be 
rpm of cam 


vad, It 
cam-follower velocity, ft /s« 


angular velocity of cam, rad /se« 


angle of contact, deg 
total lift angle, deg 
angle of rotation 


deg 


distance of cam center to cam folk 








Cam Angle f Velocity | Velocity, | Acceleration | Acceleration, | Acceleration 
6 Factor | in./sec | Factor ft/sec’ Force, ib 
Ramp 15 0 0 533 78 
A = 3.500 fiteee inate _ 
Leamp/Rramp = 1/6 0 3 0 6.36 630 92 


0 6.36 | 300 633 

A= 3.517 5 22.40 500 | 662 
L/R = 1.2134 | 

Acceleration 10 39.60 950 728 

12—14'-30" 48 00 850 420 

44.50 900 426 

33.40 975 438 

B 3.875 70 060 450 


t/r = 0.8035 
Deceleration 29 30 100 456 





34 875 120 460 








TABULATED DATA calculated from equations in Example 1 


/5*ramp 





sd 


20-1 


3520 end of ramp 


A=3500 bose ~~} 
fodws - A = 3517 i 


TYPICAL CIRCULAR ARC CAM shows various factors 
calculated from equations for Example 1 


['wo examples will show how to make a detailed analysis 
. GRAPHICAL RESULTS of example 1 
of a circular-arc cam, and how a cam radius can be deter- 


mined to fit a specified acceleration curve 


EXAMPLE 1: 

Design a circular-arc cam with a total lift of # in. The 
ramp lift is to be 0.020 in. over a 15° angle of rotation 
The balance of the lift is to be made in 34° angle of rota 
tion. The base dimension, A, is 34 in. Mass of the fol- 
lower with a 1]4-in.-dia is assumed to be 0.200 and cam 
speed, 400 rpm. 


(3.500)? + (3.520)? — 2(3.500 K 3.520 « 0.9659 
2(3.500 — 3.520 & 0.9659 


Rramp = 4.200 in 


Leamp = 4.200 — 3.500 = 0.700 in 


For a convex ramp radius 
Soluticn: 


’ ; iis es 0.700 = , 
From data given, draw circle with base radius of 34 in.; n sin 6 sin 15° = 0.04314 


. ‘ R 4.200 
follower circle and basic cam circle tangent to follower as 
shown mm sketch above. Then calculate from data, using 2° 28’ 19” 
the tabulated equations. These data give p, = 3.500 and 


p2 = 3.520. From this, ramp radius is solved as follows , : 
: ’ Now it is necessary to calculate a new R and L for the 


i ingle between the acceleration and deceleration portions 
“ - , where 6 = 15 m 
pi — p2 COS 6) yf the cam. Assuming L 20 in., 


pr’ — 2pip. cos 6 
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| 
0 Lift, | Velocity, | Accel., 


in. in. /sec ft/sec? p tana 


0.010 13.82 919 


049 34 1000 | 4.549 | 0.6509 | 


4.622 | 0.9847 | 


58 0 4.677 | 1.1100 | 


0 
0 
0.122 51 720 
0 
0 
0 


4.884 | 0.8280 | 
499 503 | 4.999 | 0.478 


531 537.5 | 5.031 | 0.278 





V-factor, tana 

| 4.510 | 0.2642 | 0.0586 
030 26 1075 4.530 | 0.5120 | 0.1125 
1431 


2130 


2375 


1695 | 


0956 


0 
0 
0 
57 ~ | 4.715 | 1.0900 0.2312 
0 
0 
0 


0553 
547 43.90 5.047 | 0.0943 | 0.0187 


550 0 5.050 | 0.0000 | 0.0000 


A-facter 


4.032 

477 | 

4 387 

3.153 12.093 10.593 
4.811 | 3.311 
3.602 2.102 
3.504 | 2.004 
3.471 1.971 
3.364 1.764 
3.709 2.209 


5.050 3.550 








TABULATED DATA 


16.483 


83 
16.4 ¥ 0.04314 


0.03555 
20.000 


0.999065)!/1-21™ * 
COS a 0.999065 
R/I 1/1.2134 


Lift + 0.375 + 3.500 = 3.875 


34° + 2° 2’ — 2 


I'wo additional dimensions, t and r, must now be cal 


ulated to finish the design 


R + B)? l 


oR +R where R 16.483, 


] cos 5 
B 3.875 ] 2 B = 36°2 


414.448 100 a 
> eee 1.726 
2(20.358 — 20 & 0.80867 


B i 3.875 1.726 2.149 


\t this point it is necessary to check the inflection angle, 
@, where acceleration and deceleration arcs meet. Use the 
equation 
rL 


cot cot B + , where 8 = 36° 2’ 
tR sin 8 


1.3747, sin 8 0 5RR25. r/t= 1.2446, L R 1.2134 


1.2446 1.2134 
6, = 1.3747 - 3.942 
Then cot 1.374 0.5RRDE 3.9420 


& = 14° 14’ 
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om graphs) calculated to give desired cam radii for Example 2 


tween @ and a, where 


Back-check this: 


where 


Chen 


3.517 


0.96214 


Cherefore the correct @ 14 


At 400-rpm cam speed, and a follower witl 
).200 as given, the acceleration force can be cak 
plotted (diagram on facing page The cam 
hown on this diagram 


EXAMPLE 2: 

This example is designed to show how the formulas cai 
help design a cam surface of any curvature to suit prede 
termined velocity, acceleration and lift characteristics 

Assuming cam rotates at 500 rpm, and the velocity 
icceleration and lift characteristics are as shown in th 
chart on p 62, design a cam with a base radius of 44 in 

corresponding to the 34 in. in Example | 

Note that the acceleration curve (p 62) is a modified sine 
curve, which is commonly used in cam design. 


continued, next page 
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GRAPHICAL DATA for Example 2 


Solution: 
Data for the first 4 columns in the 
taken directly from the chart. Values for p are obtained b 


ulding 44 in. to the values for lift. The velocity factor 
tan V /w, 52.3 


table p 6] art 


where w 2 x 500)/60 52.3 


Locus of follower 
] 


| SR; 


y, 


FH 40° 


Cam surtace- 





— es 
4500 bose rodivs 


tT tio! 


CAM with modified 


\ 


DERIVATION OF EQUATIONS 


1@ 


Velocity Factor, dp/d 
The locus of the center of the 
page can be expressed in coordinates as 


+} 


follower in sketch on fac 


} T 


Let R } h, and develo 


Then, p 2hp cos 6 — 2kp sin 6 


Differentiating above equation to I 
respect to 86, 


vhere d(p cos 6 — psin 6dé 


d(p sin @ pcos 6de@ 


eq 1) becomes 
2hp sin 6dé 2h cos 6dp 


2kp cos 6dé — 2) 


h cos @ k sin 6 ho sin @ 


p(h sin 6 — k cos 6 oR sin a 


h cos 6 k sin @ — p R cos a 


?) is the derivative of the cam torque arm velocity 


, , : l 2rN 
When it is multiplied by —; 
Léa 


vo 


as it is called here. 


es the actual velocity of the cam follower in ft/s 


oi 


62 


1 i 


ing 


Acceleration Factor, 


Using 


eloc 


standar 


ty and ¢ 


tan @ 
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CAM GEOMETRY for velocity and acceleration factors 


Substituting these values in eq (3 
ist Term 


vw du pR cos a(R cos a 

ue F? cos* a 
2nd Term 
dt 


; R sin aR cos 


ptana 


u R? cos* a 


pF? sin? a tan? 
p tan’ a 
FR? cos*® a 


3rd Tern 


vud 


eR sin af —R sin a p tan a 


ph? sin’ @ oR? sin’? a 


I? cos’ «a R? cos’ a 


t . p’ Sin* a 
p LAR‘ a 

R cos'® a 
Summation of above 3 terms gives 
vu 


dpo*/d# 


)? , “(1 — cos* a 


R cos a R cos* a 


dl 9 . ?* * 
2p tan’ a 


R cos* a R cos a 


— ‘ 9 eos? 
COs’ a 2 COs" a p 

p T T 5 
cos? a cos’ a R cos* a 


> ¥ 2 cos’ a p 

dp’ /dé p T 4 
» > 3 
cos’ a R COs" a 


R cos a 


Eq (4) gives the acceleration factor. The actual acceleration, 
1 (2eN)* 
(do*/d# 
12 60 me 
From this the acceleration force, F, is determined by the equa- 
tion: F Va, where M is the mass of the follower 
The above derivation of acceleration factor is for a concave 
flank. Derivations for convex or tangent flank are analogous 


Acceleration Factor for Convex Flank: 


« t £ x t 
ana = ¢ tan a 
aé p cos a®/L 


du d 


Swi 
) +1 where v = 
dé : dé 


d(uv) =¢ p tana 
i(tan a) d(tan a 


ag R/L de 


du _—«L/RY 


R dé cos* a 


d(tan a) where u tan a; 
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CAM GEOMETRY for 


derivation of ramp radius 


dp? 


Pe 


Ramp Radius, R 
In the sketch above, ramp radius, R, is shown with other factors 
essential to its solution. The geometry of this figure indicates 


(L+2)—-y=F 
y+ a? = pe 
= = p, COS 6 
L=R-— op 


1 
Substituting these values in the first equation above and sin 
plifying gives 
— 2o,R + po? + 2(R — o)p. cos 6 + p? = 
—2Rp, + pi? + ps + 2Rp, cos 6 — 2p;p; cos 6 = 


T : pip, COB 8 = 2R(p, — p. COs @) 


pr + p? _ 2p1p2 cos ¢ (6) 
‘ 
2(m — p2 Cos 6) 


In Eq (6) the factors »,, p, and @, are known or predetermined 


REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept.; Product Engineering, 330 W 
42nd St., New York 36, N.Y. 


EDITOR’S NOTE: For additional in- 
formation on recent developments in 
cam design see: 


Roll Cams: They Stop and Go on 
Demand, Jan 19 59, p 68—Gives graph- 
ical method for design of simple cam- 
like mechanisms that give a prescribed 
motion when triggered. 


15 Ideas for Cam Mechanisms, Aug 3 
59, p 56—Diagrams and brief descrip- 
tion of a variety of ways in which 
cam mechanisms can be put to work. 


Computers Simplify Solutions of Poly- 
nomial Cam Curves, Mar '57, p 196 
Gives equations for cam contours, 
curve-fitting methods, comparison of 
polynomial curves and use of com- 
puters in solving cam problems. 


Which Way to Make a Cam? Mar 3 
58, p 67—Discusses 11 ways for cam 
manufacturing and their effect on 
accuracy and choice of cam types. 





Operator dips parts in HANDY FLUX and as- 
sembles them with Easy-F Lo 45 rings on a 
moving rig. Assemblies then pass between 
banks of gas burners to complete brazing 
process. Capillary action of Easy-FLo braz- 
ing alloy insures thorough penetration—guar- 
antees high strength, leakproof joints. 


Flair No. 21 Hot Water Air Vent consists of 
the basic free-venting air valve, a generous 
air-collection chamber and a massive hex 
base. Two preform rings of Easy-FLo 45 are 
used in the brazing operation. Valve assem- 
bly at left was subjected to extreme pressure. 
Note how body ballooned; joints strong and 
leaktight 





Th 











How Flair Manufacturing Speeds Production, 
Eliminates Costly Casting With Easy-Flo Brazing 


Never a field failure in any joint brazed with Easy- 


FLo 45 and HANDY FLUX—that’s the proud record of 
Flair Manufacturing Company, Brooklyn, New York, 
makers of an extensive line of air valves and other 
specialties for steam and hot-water systems. 

Flair finds that brazing with EASy-FLo 45 offers 
competitive advantages in every aspect of design, 
production economy and service life. Big savings are 
made through elimination of costly casting equip- 
ment and more productive use of space. Production 
is smoother, faster. Valves look better, last longer. . . 
in tests to 5000 psi, valve bodies burst while brazed 


joints remain intact. All this for an alloy cost per 
unit of approximately 2'¢ for two preform rings 
of Easy-FLo 465. 

Speed, strength, economy, low labor costs—advan- 
tages any manufacturer would be glad to have. And, 
all achieved through use of Handy & Harman silver 
alloy brazing. Chances are silver alloy brazing could 
benefit your product too. If it could, or if you think 
it might, don’t hesitate to get in touch with Handy 
& Harman. We’ll help you in every way possible. 
Why not call us today ? 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


DON’T MISS OUT... 
on Handy & Harman’s new silver alloy 
brazing Correspondence Course. Designed 
to put all the facts and techniques at your 
fingertips, this course is invaluable to every- 
one concerned with silver alloy brazing 
Send for “Training Course Prospectus.” 
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When Instruments Need Feet 


FRANK WILLIAM WOOD JR, 
design engineer 
Vitro Laboratories, Silver Spring, Md 


Always consider these factors care 
fully when choosing feet for instru 
ments: instrument size and weight; 
cost of parts and installation; how 
and where instrument will be used; 
styling; height and angular adjust 
ments that will be necessary 


These sketches illustrate many different solutions to 
the problem of how to mount instruments properly. 


























1 

FORMED SHEETMETAL foot can 
also strengthen the instrument case. 
Can be either four short sections at 


corners of instrument case or two 
































members almost full length or 
This foot could 


secure case to 


width 
also be in- 
mounting 


(2) provides easy access 


of case 
verted to 
Z-foot 




















3 
“BUMPER” TYPE FEET are 
able in a large variety of 
and rubberlike materials. 


avail- 
sizes 
These can 


4 

be attached to the case with machine 
screws, self-tapping sheetmetal screws 
(3, 4), or push-in self-retaining types 


(5). For sensitive equipment, rubber 
bumpers provide some isolatton from 


vibration 











eed a 














ti et pt 














ey: 











6 ROTARY PEDESTAL. Here, entire 
case is supported at its center on a 
bearing 
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7 “DIMPLE” FOOT can be pressed 
into a sheetmetal case during fabrica- 
tion, is ideal for heavy instruments 
that must be moved by sliding 


8 “CAST” FOOT is 


ting 


another 
handling and 
ate feet is avoided 


cost-cut 
design assembly 


of separ 
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Kite DRIVE AND CONTROL IDEAS 


FOR ENGINEERS 


Tips on better 
designing with 
flexible shafts 


« 
o 
o 
a 
© 
. 
“ 
a 
° 


REMOTE CONTROL of valves, actuators, 
switches, indicators and other mechanical or 


Where to use electrical equipment. S. S. White standard 
remote control flexible shafts come in four 


S. S. White different shaft diameters to handle a wide 


Standard range of requirements. 


P POWER DRIVE for an endless variety of appli- 
Flexible cations ... portable tools, instrument drives, 
machine tools, pumps...anywhere the 

Shafts 





designer needs to transmit power around 
obstructions or to movable parts, by means of 
a single, self-contained, easily applied unit. 
Four standard sizes. 


S. S. WHITE INDUSTRIAL DIVISION (Dept. 14 
10 East 40th Street, New York 16, N.Y. 





Selection of S. S. White standard flexible 
shafts: complete description and application 
data available. Write for bulletin 5801. 


WRITE FOR COMPLETE DATA! 


Selection of specialized flexible shafts to meet 
unusual requirements: useful shaft data and also 
information on how to take advantage of 

S. S. White engineering services. Write for 
bulletin 5601. 


eseeeseoueee ec ees 
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Instrument Feet continued 
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Rubber . 














Metal... } 


= 

















9 SHOCK AND VIBRATION are iso 
lated by this mount, available in sizes 














and materials to meet requirements 


10 RUBBER GROMMET is 
factory foot 


a lightweight 
strument or 


a satis- 
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End view 
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12 METAL TUBING OR ROD makes efficient, good-looking 
foot 


in vertical plane is proyided by this type 
temporary mount. of support. Suitable locking devices 
should be provided 
Je of case 
Cah 
_ ly 
PosiT10l 





"a 
P) oe} 
j 
© 
ew ‘oe Phosphor -bronze 
—___ ys. billet 


efainer clip 
osition as support 1 
mproved view of pane 


e 
Mi Cree 








requires tilting 


14 DUAL-FUNCTION support doubles as handle 
Can be used in pairs or at front only, if viewing face 
instrument 


This is 
ideal for miniaturized oscilloscopes and other test equip 
ment where space is at a premium 











oe 
See. "i 

_ Folds under when a 

—) of use 

4 
Tight tit on rod 
cet be /ess . fo hold when in 
Af — ~ 

han heig ne folded position 
of fixed feet = 








Suppor? is 
simple 
U-shaped 
rod 

















13 HINGED ROD can combine with fixed feet to allow 
better viewing angle 


for instruments such as oscilloscopes. 
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\ 
Locking knob 








18S HEIGHT ADJUSTMENT shown here is only one of 


many ways of providing small or large compensation in 
for example, optical projectors, 
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11 ANGULAR ADJUSTMENT in the 


AAnnouncin 2... 


The McGRAW-HILL 


AVAILABLE FOR 





A LIMITED TIME AT A 


Special INTRODUCTORY PRICE 


—at a prepublication savings. The introductory price of $159.00 
saves $16 on the regular price of $175.00. 


Low Monthly Terms Available 


An unprecedented publishing achievement 
providing a complete reference work for 
the library of the engineer or scientist. 





erimenter 


observer 








feeling curve 





NY 


-audibility curve 
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«hee 
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hearing m5 
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Superbly 
illustrated 


The McGraw-Hill ENCY- 
CLOPEDIA OF SCIENCE 
AND TECHNOLOGY con- 
tains more than 8000 draw- 
ings, charts, maps, photo- 
graphs, and diagrams in both 
black-and-white and color. 
All were especially prepared 
by the finest craftsmen in 
technical illustration. They 
reinforce the written infor- 
mation — round out the ccom- 
plete, practical nature of the 
Encyclopedia. 


opay’s accelerated pace of 

technological developments de- 
mands a broader scientific back- 
ground of the technical man. No 
longer can a thorough knowledge 
of only his own specialty assure 
him of success. A structural engi- 
neer must know about ocean cur- 
rents before designing an off-shore 
oil-drilling platform ...a chemist 
needs a better background in elec- 
tronics to make full use of instru- 
mentation ...an engineer placing 
a cross-country pipeline requires 
knowledge of weather conditions 
.++@ space scientist needs infor- 
mation on human physiological 
and psychological factors. The 
McGraw-Hill ENCYCLOPEDIA 
OF SCIENCE AND TECHNOL. 
OGY is designed for needs such as 
these or others with which you may 
come in contact. Nothing remotely 
like this has ever been done before. 


Your master reference to the 
world of science and technology 


More than 7000 separate articles - 
many of them by men credited with 
performing pioneer research in their 
fields — provide unrivaled breadth of 
coverage — meet many needs within 
your range of interests and challenges. 
The articles range from concise defi- 
nitions and basic foundation material, 
to the most modern developments, ap- 


plications, and discoveries. So skillful 
and extensive is the cross-referencing 
that you could follow through to a 
basic education in virtually any tech- 
nical or scientific field. 


The work of 
world-renowned authorities 


More than 60 Consulting Editors, aid 
ed by a distinguished Advisory Board, 
chose the most outstanding persons in 
each field to contribute to the ency 
clopedia. The names of the 2000 con 
tributors read like a “who’s who” in 
the pure and applied sciences — as 
suring you of the most informed view 
of each subject covered. 

Leading contributors like Glenn 7 
Seaborg on the transuranium ele 
ments; Paul.A. Siple on Antarctica; 
Selman Waksman on antibiotics; P W 
Bridgman on classical mechanics; H 
E. Edgerton on deep-sea photography ; 
recent Nobel Prize-winner Emilio 
Segre on the antiproton and anti 
matter; Krafft A. Ehricke on space 
engineering; and others of equal stat 
ure — provide you with brilliant co. 
erage of any topic you seek out. 


Unequalled in clarity 


When you turn to the encyclopedia, 
you find that the articles explain and 
illustrate with the utmost skill, clarity, 
and accuracy. Complete understand 
ing, in addition to factual information, 
yeynotes the encyclopedia’s approach. 
The style of treatment enables you to 


quickly get to the depth you want 

comprehend the precise area and 
degree of knowledge you need —in 
any realm of technological interest 
or activity. 


Completely indexed 


Che Index takes up an entire volume 
and runs to over 100,000 entries. Spe- 
cific facts can be located quickly not 
only through the index, but also by 
means of the extensive cross-referenc- 
ing of the 7200 articles. 


¢ 15 volumes © over 2000 contributors © 9300 pages ¢ 7200 articles 
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ad — ~— Sse ie Be 8 eres bol ee ee ee - —— . - $0 errs — 29,2 ene . 7 4 pote “ns % 
=> _ N™ — for the first time in the whole span 
i : of technological progress can you have 
~ : : conveniently and inexpensively available a 
‘ Z universal reference of technical knowledge. 
: — a Never before have so many and such inter- 
sone = nationally known authorities been enlisted 
” a . . 

; - ; to provide you with the broader, more com- 
ae plete scientific and engineering background 
a EDITORIAL required by today’s exploding technological 

ADVISORY BOARD 
tite’ developments. 
A r. Roger Adams 
; a MONUMENTAL in scope... prepared by over 
' & ee 2000 authorities... the McGraw-Hill ENCY- 
t idney . irkpatric = = nat iat z seats 
1 Dr. William Rubey CLOPEDIA OF SCIENCE AND TECHNOL- 
‘ Dr. Edmund Sinnott . ° 
; OGY places at your command the basic concepts, termi- 
5 in every ngi- 
j Consulting Editors nology, and modern developments in every area of engi 
Dr. Philip Henge Abeleon neering and science. From aeronautics to zoology... 
shar Tag om oy hg ~~ ee from mechanical engineering to oceanography ... from 
r ran . each . 
Prof. Jesse Wakefield Beams the atomic nucleus to the far reaches of outer space... 
Prof. F E. Be ' ae é‘ : 
Prof. Salomon Bochner here is the whole sum of basic technical knowledge dis- 
lag ett gh sing tilled into.15 volumes for ready reference and ease of 
Dr. Frank Brink, Jr » 
Dr. Stanley A. Cain understanding. 
- tT. ule » Unarney 
: “4 Dr. E. U. Condo - . ; — : iceitiaianei 
Bg Py The McGraw-Hill ENCYCLOPEDIA OF SCIENCE 
anode Rar wen <chetdy sow Ml AND TECHNOLOGY helps you attack more confidently 
: » Se bee Eapaeed Dine the problems demanding knowledge beyond your par- 
ro ober . derheic x b . 2 
: Dr. Katherine Esau u ticular field...enables you to bridge the gap between 
es | sea Harold Etherington ‘ : os 
Donald G. Fink your specialty and countless other fields which grow ever 
Wo - A Dr. Harvey Fletcher ’ | - 
Prof. Newell S. Gingrich I closer to your own, 
; /, coil Prof. H. Bentley Glass 
“ : Dr. Julian R. Goldsmith 
= sten target Prof. Harry S. N, Greene S, . i [ bli. . . 
X-rays Dr. John Anthony Hrones pecial low prepublication price 
useful. \ Dr. Eric R. Jette 
a i Dr. Joseph J. Katz P . . — . . 
beoms Dr. Friedrich Franz Koczy To give the Encyclopedia as wide an initial circulation as 
Special techniques of illustration oS ee Sa possible — among the type of readers whose reactions are 
odd unusual clarity Prof. Richard C. Lord most important — a special low price, affording a savings of 
Prof, Harold J. Lutz $16 00 : ff i 
Dr. Kirtley F. Mather “UV, 18 offered. 
wy ty } This offer is limited to orders placed before the Encyclo- 
j Dr. Donald H. Menzel pedia is published. In view of this, we urge you to mail the 
Dr. Bernard S. Meyer . . , 
Up-to-date Rear Admiral Albert G. Mumme. coupon for further information promptly. Your request now 
+. @ j will reserve this price advantage for you, subject of course to 
4 . r arol¢ sborne . < 7 ~ ° 
The Encyclopedia reflects facts still Prof. Courtland D. Perkins your later examination and acceptance of the Encyclopedia. 
in the news—the Van Allen Radia R. J. S. Pigott 
. B i 3 age on ‘ , Dr. K. R. Porter Write to McGraw-Hill Encyclopedia of Science and Technology 
om Soe, Cae prams te yeene Ge Prof. C. Ladd Prosser 327 West 41st Street, New York 3 
’ 4 . 7 eet, New York 36, N. Y. 
earth’s crust to the Moho Discon- - coenen B, Sooue Address department PE-3-21 
ae a ok ir. Howard S. Seife ’ 3. 
tinuity, artificial sat Dr. Proderiek 7 
: ellites, and much See Se Sharp RBEEEE eee eee ee eee ee ee 
more. A YEAR- : » . vert S. s herwo od 
BOOK OF SCI. ; ite 8|€« Mail thi for full inf ti 
ENCE AND TECH. : Laurence B. Siegfried ? al iS coupon or U in ormda ion 
a mo eo : Dr. S. Mott Souders, Jr 
NOLOGY will Dr. E. Cc. Siebmen 4 Department PE-3-21 
maintain the timely Dr. P. D. Strausbaugh : 
. : Dr. Horace W. Stunkard McGraw-Hill Encyclopedia of Science and Technology 
accuracy of the En- d Dr. E. L. Tatum a 327 West 41st Street, New York 36, N. Y. 
cyclopedia. q Ir. Henry P. Treffers 
Pp bg = = | Please send me your Prospectus on the McGRAW-HILL ENCY- 
rot. . t . ~ * . . + a 6 —" ' . 
Prof. B. H. Willies ? CLOPEDIA OF SCIENCE AND TECHNOLOGY, with full de- 
: : Dr. F. E. Wormeer tails of your special price offer and budget terms for Prepublication 
Illustrations are accurate, complete; $ “ / — a ater 
bring out essential details Subscribers. (No obligation, of course. No salesman will call.) 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Linear speed control . . . 
is possible with these infinitely variable-speed transmissions that provide equal changes 
in speed for equal increments of control adjustment. (Cam control is shown above 
major subassemblies of transmission with assembled transmission in background 
Also said to provide high-accuracy setting and holding of speed over range from any 
desired maximum to zero—plus reverse if desired. Roller carrier, fixed to motor shaft 
supports three tapered rollers, which are engaged by encircling traction ring. Pinion 
fixed to large end of rollers engage ring gear joined to output shaft 
running or stationary, traction ring 1s 


rollers at varying diameters 


lo change speed, 
moved lengthwise of transmission, engaging 
Transmission protects both itself and driven machin 
against overload damage Available with or without motor 


Inc, Menomonee Falls, Wis. 


Graham Transmissions 


Circle 300 on Reader Service Card 


Corrosion is detected to billionths of an inch... 
by indicators, available in visual and electrical versions. Sensing elements are made 
of vacuum-deposited film of metal, 2 to 50 millionths of an inch thick. Special tech 
niques produce sensitivity required to detect as little as five billionths of an inch of 
metal. Visual indicator is used in such applications as in small packages of precision 
parts, where high contrast between sensitized portion and reference portion permit 
instant recognition of corrosive condition. Electrical indicators include Model 301, 
a good-bad indicator; Model 10, a portable, battery-operated, hand-held instrument to 
read Model 301. Model 501 is corrosion indicator for use where approximate rate 
of corrosion must be established. Complimentary sample is offered. Visual Model 201 
20¢ in bulk pack; Model 301, $1.25 each; Model 501, $1.75 each; Model 10, $50 each 
Delivery, about 3 wk. Crest Instruments, 11808 S Bloomfield Ave, Santa Fe Springs, 
Calif. 

Circle 301 on Reader Service Card 


Rod-wiper seal .. . 


rporates rod scraper within single unit 


prot 


t packings on reciprocating shafts 


hydraulic cylinders. Scraper is re 
iked mud, tar 

Seal consists of thin 
in tandem with pliable, 
} 


ted to remove frozen or ¢ 
ier material 
raper ring 
rubber wiping 


member, both 


lamped with steel shell. OD of 


ealignment and tol 


yndition f rod 


required 
of 4 t 


st 


is said to omparabh 


, mventional, spring-loaded 
iaft-ty] seal. Oil Seal Div, Chicago 
Rawhide Mfg Co, 1801 Elston Ave, Chi 


igo LZ 


Circle 302 on Reader Service Card 


Latching relay... 
nains locked in open 
ntil pulsed Any singl 

allowable duration and with 

polarity will cause relay to 

to alternate position, and | 
siti Mechanical latching 

tinct points. Load is 20 amp at 

Energizing current is 0.45 amp 

to 32 v de. Operates at —85 to 

F, from sea level to 150,000 ft. As 
tromics, 611 W Harvard St, Glendale 4, 
Calif. 


Circle 303 on Reader Service Card 


Flow-control hydraulic valves 

for 3000-psi service, are pressure compen 
sated. Relief valve returns excess flow to 
reservoir, thereby permitting pump to op 


erate at full horsepower at all times. Knife 
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edge orifice provides uniform low flow and 
minimizes effects of changes in fluid tem 
perature. Usable as two- and three-port 
models. Vernier knob has provision for 


safety-lock wiring. Basic available sizes in 


clude }-in. valve with 2-in pipe tap and 
6-gpm capacity; @ in., with 4-in. pipe tap 
and 16 gpm capacity; 3 in., with 1-in. pipe 
tap and 30-gpm capacity; and 1} in., with 
l4-in. pipe tap and 125-gpm capacity 
Rivett Inc, Brighton 35. 


Circle 304 on Reader Service Card 


Two-compartment pressure 
switch ... 

in one housing prevents inflammable m« 
dia from reaching switch clement or el 
trical connector in case of rupture. Ut 
lizes tier tube and snap-action switch that 


operates in —300 to 500 F and will with 


stand vibrations up to 2000 cps in excess 


of 25 g acceleration. Pressure switch is 
made of welded aluminum and operates 
through range of 2 to 125 psi Laboratory 
tests are reported to indicate that switch 
withstands proof pressures in excess of 200 
psi. Meletron Corp, 950 N Highland Ave, 
Los Angeles 38. 


Circle 305 on Reader Service Card 


j 


INSERT 


Brass fitting for plastic tubing 

requires no retightening even when sub 
jected to high vibration and internal pres 
sure. Holds polyethylene, nylon and other 
plastics by insert-collet locking action 
Brass insert in one end of tubing holds 
tube firmly and prevents collapsing. Col 
let fits over tubing and insert, and slots 
in sleeve allow it to compress firmly and 
evenly around tubing. Suitable wherever 
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brass is acceptable, on air, hydraulic and 
coolant, fuel and chemical lines. Common- 
wealth Brass Corp, 5835 Commonwealth 
Ave, Detroit 8. 

Circle 306 on Reader Service Card 


Sealed-contact reed relay... 
has nickel-iron alloy reeds, gold-plated at 
ontact surfaces, which are enclosed in in 
ert atmosphere inside hermetically sealed 
glass capsule Switch can be made to close 
with as little as 4 w applied to magneti 
oil. Operates in 0.8 millisec minimum; 
an release in 0.25 millisec. Dimensions 
are 34 in. long x 0.215 in. OD max. Said 
to withstand 40-g shock without false oper 
ition. Single-capsule relays, with individual 
coils or combinations; or many capsules, 
surrounded by common coil, are available 
C P Clare & Co, 3101 Pratt Blvd, Chi- 
cago 45. 

Circle 307 on Reader Service Card 


Counterbalance and retractor 
mechanism, available with or without 
mounting bracket, can be installed in any 
Operates on clockspring prin 
ciple. Force, cable lengths and _ travel 
capacities can be varied to meet application 
requirements. Caldwell Mfg Co, PO Box 
444, Rochester 2, NY. 

Circle 308 on Reader Service Card 


position. 


Stepping relay... 
offers _single-pole, 
switching with 2, 3, 4, 5, 6 
positions Can be supplied for all voltag 
ip to 230 v ac and 110 v dc. Standard 
amp and carry 
amp. Weighs about 5 0z; measures 315 » 
1} x 1% in. Artisan Electronics Corp, 171 
Ridgedale Ave, Morristown, NJ. 
Circle 309 on Reader Service Card 


continuous 


ontacts can switch 0.2 


Nuts have locking pins... 
that form a single unit with nut itself 
Chrome-vanadium steel pin is locked 

nut and, in turn, locks nut to bolt. | 

f locking pin travels between bolt thread 
ind automatically assumes fixed angle, 


} 


t hing point of 


IDS 


impingement against 
bolt. Impingement acts as ratchet, m« 
ing pin up as nut is tightened, but making 
it impossible for nut to loosen. Can 
furnished with National coarse or Nationa 
fine threads, black or galvanized and plated 
aluminum, brass, bronze, everdur an 
tainless steel with stainless steel locking 
pin. Offered in 3- to 3-in.-dia sizes 
be reused without loss 


; 


locking 
iveness in temperatures of from 

zero t 1200 F. Cost is said to om 
ntional nut and _ lock 


Automatic Nut Co Inc 


parabl to onve 

vasher assembly 

Lebanon, Penna. 
Circle 310 on Reader Service Card 


Variable-speed drives .. . 


are redesigned 


nhnite-speed 


| 
that provide nstant tore 
+50 in.-Ib Improvemet 


verload protection, new 


setting, larger input shaft on smaller mod 
s, wider mounting pads and double 
: 


slotted holes, up to 40% decrease in heat 


rise over ambient, improved gasketing and 


vil seals and nonheat-conducting 


knobs 


ontro 
Availabl 


continued on page 7 


Mounts in any position 
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SEELSKREWS 
SEELBOLTS: 
SEELRIVITS: 


High Pressure 
Self-Sealing 


FASTENERS 














Removable and static self-seal- 
ing screws, bolts and rivets. 


e These industrial fasteners 
meet all applicable military 
specifications. 


SEND FOR CATALOG 359A-3 
describing items above, also seals for 
switches, shafts, circuit breakers, in- 
dicator lights and other electronic 


components, 


aa A. P.M. Corporation 


| y) 252 Hawthorne Ave., Yonkers, N.Y. 
Ww YOnkers 8-2010 
Designers and Manufacturers of 


HIGH PRESSURE STATIC AND MOVABLE SEALS 
HEXSEALS® - SEELSKREWS® + SEELBSOLTS® - SEELRIVITS® 





VISIT OUR BOOTH 1229 AT THE IRE SHOW 
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continued 

with output range of zero to 1200 rpm 

with 1800 rpm input; with or without mo 

tors from % to } hp, reverse or gearhead 

Zero-Max Co, 1121 Chestnut St, Bur- 
bank, Calif. 

Circle 311 on Reader Service Card 


Stainless shaft couplings .. . 

are flexible and will operate at up to 100! 
F. Couplings are made of 4- and #-in.-dia 
flexible-shaft with 
squared stainless sleeves on ends. Square 


stainless steel cores, 
drive and also 
allows for slight changes in length due 
to varying torques. Total length can be 
varied to suit applications 
for use with controls that must operate 
at high temperatures. Stow Mfg Co, 426 
Shear St, Binghamton, NY. 

Circle 312 on Reader Service Card 


forms engagement for 


Recommended 


Shorter size 8 servomotor ... 
for use in 67 to 257-F temperatures 
measures 0.863 in. long and weighs 1.2 oz 
Stall torque is 0.2-in.-oz; no-load speed 
6200 rpm at rated voltages of 26 fixed 
phase and 40 v control phase; rotor inertia 
of 0.47 gm cm* and T/1 ratio of 30,00( 
rad per sec’. Delivery, 90 days after re 
ceipt of order. John Oster Mfg Co, Avionic 
Div, 1 Main St, Racine, Wis. 

Circle 313 on Reader Service Card 


Stronger 
aluminum-magnesium .. . 
alloys are produced by tempering process 
also said to achieve max resistance to stress 
corrosion for sheet alloys 5456 and 5083 
In -H323 temper, the highest strength 
composition in aluminum-magnesium series 
exhibits 4% increase in min _ tensile 
strength over any previously available. Alu- 
minum Company of America, 727 Alcoa 
Bldg, Pittsburgh 19. 

Circle 314 on Reader Service Card 


Glass-reinforced polyester 
laminate .. . 

is said to retain good physical properties 
at temperatures up to 266 F. Said to ex- 
ceed NEMA GPO-1 performance require 
ments. Monolithic plates without any 
glue line are available up to 2 in. thick 


continued on page 76 








WesTeRN #4 F™ 
UNION ® 


cal | 
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(EFFECTIVE APRIL 1960) 


Your J&L stainless steel distributor 
can serve you better because J&L 
serves him better, backing him with 
the full facilities of J&L’s Stainless and 
Strip Division. 

Your J&L distributor can reduce 
your costs by providing a complete 
range of pre-production services, and 
doing it economically! He can save 
you the capital investment required 
to maintain long term inventories; and 
can help you eliminate the costs of 
overhead connected with stocking, 
accounting, and the inevitable losses 
incurred through waste and obsoles- 
cence due to specification changes. 

Technical assistance in solving pro- 
duction problems is also available 
from your J&L distributor. And when 
those problems are connected with an 
application using stainless steel, J&L’s 
own staff of technical specialists will 
promptly answer your distributor's 
call for additional help. 

Even when advanced research is 
required you can call on your J&L dis- 
tributor in confidence. He will be 
happy to discuss your problem be- 
cause he knows he is backed by one of 
the world’s most respected teams of 
metallurgists—J&L’s own staff in lab- 
oratories at Detroit and the famous 
Graham Research Laboratories at 
Pittsburgh. 

Your J&L distributor is as near as 
your telephone. Call Western Union 
Operator 25 for the name of your J&L 
distributor of Consistent Quality 
stainless steel. 


J4l—a leading producer of stainiess stee/ 
and precision cold rolled strip stee/s 


‘STAINLESS 


SHEET+-STRIP+BAR - WIRE 
CIRCLE 204 ON READER SERVICE CARD 
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< —_-_tonsistent, quality 


|  (\ | . i 
if call Wa Union Operator 25 as steal 


for the nearest sourc@i@{M@ensistent Quality Jel Stainless Steel “ns 


Jones & Laughlin Steet Corporation - STAINLESS and STRIP DIVISION - DETROMaiiy, 


a rp 















NEED 

HIGH 
MECHANICAL STRENGTH 

PLUS 

GOOD 
ELECTRICAL PROPERTIES? 





sheet thickness 


tube 
wall, or rod diameter 


properties 


sheet rods 


tubes 
Commercial 


CW LW 


Commer 


Bone 
cial 








up to %” incl 
3” to incl 
%” to maximum 


ver 
over 


tensile strength 


* incl 

” to maximum 
wall thickness 

ij up to 4%” incl 

tover 4%” to As” incl 

\ all sheet thicknesses or 

trod diameters 


P m yp to | 
flexural strength se 
compressive and 
axial strengths 


(flatwise 


6000 8000 8500 
550 750 8000 
__5000 a 7000 a | = 
12,000 14,000 15,000 
11.000 13.000 . 


800C 

1500 

7000 
14,00 
13,006 








grade 


thickness, if 


dielectr 
strengtt 
VPM ASTM 
short-time test 


tearing st grams 


machine dir. cross dir 





dielectric Diamond insulation 
bursting and 
tearing 
strength 
020 


e and Commercial 


heets. bone tubes and rods ver ‘As 


ver %* 





004 
005 
ou 

010 
015 
020 


to .040 
040 to % 


ip to! 


to % i 
over “to % inci 


to ¥ 


ver 


200 
20 
300 190 
300 250 
300 2 
250 | - . 
256 ~ - 
175 | - - 
175 
1x 
106 
5 


total 25,000 v 


120 
220 
300 
450 


100 








USE CDF Diamond Vulcanized Fibre 


Low-cost CDF Diamond Vulcanized Fibre is a 
dense, hard material. Yet it’s only half the weight 
of aluminum. 


its high mechanical strength makes it suitable 
for many industrial applications. CDF Diamond 
Vulcanized Fibre stands repeated stress without 
fatigue. Offers high wear-, abrasion-, and impact- 
resistance. Its coefficient of friction is low. It ma- 
chines smoothly. You can easily postform it with 
inexpensive tools. You can draw, form, and bend it. 


its excellent electrical pepeme include good 
dielectric strength, where humidity is not a factor. 
CDF Diamond Vulcanized Fibre is arc-resistant 
and non-tracking. When arcing occurs, it will evolve 
a neutral gas that quenches the arc. 


74 CIRCLE 74 ON READER SERVICE CARD 


CDF Diamond Vulcanized Fibre is available in 
sheets, tubes, and rods and fabricated parts 


CDF Vulcoid Resin-lmpregnated Fibre has all 
of the electrical properties and mechanical adapt- 
ability of Diamond Vulcanized Fibre. In addition, 
it offers greater moisture-resistance and dimensional 
stability. 

Call your CDF sales engineer 
formation. Or, write to us today. 


for more in- 


CONTINENTAL-DIAMOND FIBRE 


DIVISION OF THE —fPyzg4gf- COMPANY, INC., NEWARK 40, DEL. 
in Canada: Continental-Diamond Fibre of Canada, Ltd., 46 Hollinger Road, Toronto 16, Ont 
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SPUR GEARS — STEEL, IRON, BRASS §1442° and 20° PA. .208” to 40” P.D. 


% 
rd. 


BEVEL and MITER GEARS Steel, Iron, and Brass 20° PA. 
312” to 14” P.D 


STEEL SPIRAL MITERS 1” to 5” P.D 
HELICAL GEARS Steel and Bronze .333” to 6” P.D 


RACK + PINION WIRE Stee! and Brass 1442° and 20° P.A. 
PINIONS + INTERNAL GEARS 


Design around standardized BOSTON Gears 
FROM STOCK is the quickest (and lower- 
cost) way to get your project “off the board” 
and in production — whether it’s a prototype, 
a product for resale, or new equipment for your 
own plant. Catalog No. 57 lists over 2000 gears. 
OFF-THE-SHELF CALL YOUR 
NEARBY 


ere i. 
a | ‘s ; & 


tat 


Your nearby Distributor will help you sim- 
plify planning and show you how to get the 
biggest benefits from BOSTON Gear stand- 
ardization — in lower costs, in easier mainte- 
nance, in simplified servicing. Boston Gear 
Works, 71 Hayward St., Quincy 71, Mass. 


— ol 
te mee ee S 
i | 


DISTRIBUTOR 


AT FACTORY PRICES 


™ STANDARDIZATION PAYS = 


Advt. copyright by Boston Gear Works 
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WORM GEARS Bronze and Iron .417” to 18” PD. 
WORMS .333” to 4” P.D. Soft steel and hardened and ground steel 


CARD 
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75 





COMPONENTS °* 


MATERIALS * 


PROCESSES 


continued 





and in rectangular shapes up to 36 in 
sq. Angles up to 60 in. long are offered 
in 4 in. material, up to 40 in. long in 
fs in Sheets, red or brown, are 
36 in. wide, range from 36 to 72 in. 
long and from ¢ to # in. thick. Micarta 
Div, Westinghouse Electric Corp, Hamp- 
ton, SC. 

Circle 315 on Reader Service Card 


material. 


Magnetically actuated switch 
is rated 6 amp, 120 v ac. Hermetically 
sealed in hydrogen atmosphere. Contact is 
made by molybdenum probe moving in and 
out of clean mercury, due to forces exerted 
by external magnetic field. Will handle 
fhp motors, large relays and solenoids, and 
control circuits. Available normally open 
or normally closed. Hamlin Inc, Lake and 
Grove Sts, Lake Mills, Wis. 

Circle 316 on Reader Service Card 


Instrument counter .. . 
registers up to 999 and repeats, non 
Has 4-in.-dia wheels. Shaft is ball 
bearing mounted, and can be operated at 
1500 rpm. Second unit is tandem counter, 
equipped with shutter that is actuated in 
either direction whenever transfer point 
is reached. Max torque is 14 in.-oz 
Both counters meet US government en- 
vironmental tests for corrosion, vibration, 
shock and humidity. Veeder-Root Inc, 
Hartford 2, Conn. 

Circle 317 on Reader Service Card 


reset 


Explosionproof electric vibrator 
is totally enclosed and approved by UL for 
ise in Class I, Group D conditions. De- 
livers 3600 vibrations per min with 60 cps 
current. Vibration force is produced by 
eccentric weights fastened to ends of mo 
tor shaft. Vibration impact can be adjusted 
from 385 to 1100 lb. Available in 3-phase, 
220 or 440 v ac, with input of 500 w 
Weighs 51 Ib; measures 9 x 84 x 6 in 
Cleveland Vibrator Co, 2828 Clinton Ave, 
Cleveland 13. 

Circle 318 on Reader Service Card 


Oil-free air pump... 
for industrial processes or machines re 
quiring automatic pressure to 20 psi, has 


adjustable pressure switch that provides 


76 


shutoff under pressure condi 
tions at 20 psi, and automatic restart un 
der decreasing pressure conditions at 18 
psi. Adjustable relief valve maintains 
safety cracking pressure slightly above cut- 
off of air-pressure switch Rated pump 
capacity is 0.3 cu fpm of free air delivery 
at 20-psi discharge pressure at standard 
sea-level 


increasing 


inlet conditions Displacement 


is 0.304 cu in. per rev; 4-amp, 60-cps, 
single-phase motor develops ¢ hp at 3450 
rpm. Lear Inc, PO Box 688, 110 Ionia 
NW, Grand Rapids, Mich. 


Circle 319 on Reader Service Card 


Position-sensitive transducer 
detects static or dynamic mechanical dis- 
placement. Incorporates linear variable 
differential transformer as basic sensing ele- 
ment. Offers high stepless output, external 
zero adjustment and infinite resolution 
Linearity is 1% of full scale. Unit weighs 
12 oz; volume is less than 12 cu in 
ates in —65 to 220 F. Output voltage, for 
nominal 6.3-v input, ranges from 0.250 
at 60 cps to 1.6 at 20,000 cps. Schaevitz 
Engineering, PO Box 505, Camden, NJ. 
Circle 320 on Reader Service Card 


Oper 


Tapered roller bearing 


flange blocks . . . 
in shaft sizes ly through 24% in., are 
equipped with tapered roller bearings, 
eccentric locking collars, malleable hous 
ings and grease seals 
from $22.90 to $67.20 
Co, Maysville, Ky. 
Circle 321 on Reader Service Card 


List prices range 
Browning Mfg 


Sub-fhp de motor . . . 
for instruments, control apparatus and tim 
ing devices, is mechanically interchange- 
able with synchronous and induction mo- 
tors of same frame size Also available 
with gear reductions from 3:1 to 3600:1, 
basic motor speeds from 3600 to 900 rpm 
and for voltage ratings from 115 to 24 v 
de. Stock motor is shunt-wound, with 
115-v-de field excitation, and armature 
voltage that can be changed from 0 to 115 
v de for speed control. Holtzer-Cabot 
Div, National Pneumatic Co Inc, 125 
Amory St, Boston. 

Circle 322 on Reader Service Card 


Valve can be locked... 

with padlock in both off-and-exhaust and 
on-and-flow positions, with or without 
exhaust shield. Locking feature on sliding 
sleeve valves eliminates safety 
maintenance 


hazard of 


work on air-operated ma- 


chines with live air in 


system, and pre- 


vents potential danger of machine losing 
air pressure at Recom- 
mended as standard equipment on main 
inlet header of all machines utilizing com 
pressed air. Available in two- and three 
way actions, manually or spring-returned 
Tap sizes are $ through | in. Hunt Valve 
Co, Salem, Ohio. 

Circle 323 on Reader Service Card 


wrong time 


Flexible insulating tubing . . . 
is noncombustible for use in 50 to 500 
I Suitable for insulating bent piping 
or tubing, flexible connecting lines, and 
Con 
braided-asbestos tubing 
lightweight insulation, and 
outer covering jacket of braided-asbestos 
tubing 


for conditions of severe vibration 
sists of mner 


fibrous-glass 


Available in tubes sizes from } 


in. to 1 in - also in 


, in increments of 4 in 
14- and 2-in. sizes All tubes are 4 in 
thick Union Asbestos & Rubber Co, 
Fibrous Products Div, 1111 W Perry St, 
Bloomington, IIl. 


Circle 324 on Reader Service Card 


Explosive-actuated switch . . 
breaks six circuits simultaneously. Meas 
ures about 2 x 1 x ¥ in. and weighs 
14 oz. Actual function time is reported 
to be 4 to 5 millisec Switch includes 
six pairs of normally closed contacts, 
touching conducting rings on cylindrical 
shaft. When M-4 dimple motor is actu 
ated (by about 5 v dc), internal gas pres 
sure expands diaphragm, causing shaft to 
move forward and break all six circuits 
Motor delivers force of 10 Ib over 0.025 
in. Capacity of switch contacts is 10 amp 
Operates in —65 to 160 
F. Dial Service and Mfg Inc, 1741 Rock- 
well Ave, Cleveland 14. 

Circle 325 on Reader Service Card 


for 10 sec min 


Eddy-current dampers .. . 

produce damping torque to control unde 
airborne, 
stationary equipment by transmitting in 
put forces through precision geartrain that 
rotates disk through permanent, high-in 
field. This generates 
current field in disk. Resultant force 
of two fields opposes motion of disk in 


sirable forces in mobile and 


tensity, magnetic 


eddy 


continued on page 78 
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CURVIC COUPLINGS provide an accurate, light, 


compact, and self-contained connection in which 
the teeth both center and drive. The Curvic design 
represents a new standard in the application of 


coupled parts. 


When a gear or a coupling 


determines the accuracy of 


When a missile or rocket works on paper 
the best way to get it into the air is to 
see to it that all the parts agree with the 
paper work, 

And when one of those parts is a bevel 
Gleason 


gear or coupling, 


can help you three ways: 


engineers 


i. Engineering service. Our full staff 
of engineers is ready at all times to help 
you develop bevel gear combinations 
and Curvic® Coupling designs. They 
can help you make sure that either part 
meets your specifications. 

2. Machines to cut or grind to 
your tolerances. You can produce 
any fine pitch gear—spiral 
hypoid, Zerol® or Coniflex® 
and economically 


bevel, 
precisely 
with any of five 
Gleason machines. 


No matter how rigid your specifica- 
tions or the size of your parts, our 
engineers can help you select the right 
machine or combination of machines 
for 100% accuracy. 

3. Complete testing equipment. 
We have engineered a series of testers for 
making certain that all parts do meet 
your critical specifications. For example, 


trajecto TY ces 


on the Gleason No. 104 Hypoid Tester 
you obtain a permanent test record to 
help you match pairs properly and to 
keep a graphic record of the rolling 
qualities, tooth spacing, and concen 
tricity of your parts 

Any or all of these services are yours 
for the asking at any Lime 


GLEASON WORKS 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc 
For horizontat and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 


ANY DIAMETER OR TRAVEL 


“= 


+ 


RAPID START 


= 
” 
<= 
~i 
x 
U 
i 
«a 
12) 
z 


Deaver 
Drecision 
§ Droducts 


i INC. 
a CLAWSON, MICH. 


EXTREME ACCURATE POSITIONING 
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direct proportion to input speed with zero 


hysteresis, min starting torque 


Uhre 


ontro] 


and Oop 
timum linear relationshi; 
several model 


each with 


forces as overtravel motion oscil 
and unstab!] 
models meet MIL-E-5272A 
provide breakout torque of 4 to 5 
and min backlash of 0.1 to 0.25° 
operate at ambient temperatures from 
—100 through 300 F; weigh 1.4 to 5.5 


Damping torque ranges from 4 to 125 


force surges speeds 


Various units 
in.-ll 


max; 


in.-lb radians per sec; peak input velocities 
vary from 1.6 to 12 radians per s Di 
from 9.5 x 9.5 x 4 
for largest unit to 4.6 x 4 x 2 im. for 
smallest. Hydro-Aire Co, 3000 Winona 
Ave, Burbank, Calif. 


Circle 326 on Reader Service Card 


mensions range 


Tilt-lock chassis slide . . . 

locks in three service positions—90° up 

Supports load 
obtained i 

j 


5, 4VU, 2 ind 


horizontal and 90° down 
to 50 Ib and 

lengths of 12, 14, l¢ 
in. Detent slid 
in, wide, can be installed 
ard WE RETMA drilled-rack-panel 
increment: 13 in. Chassis-Trak 
S Webster Ave, Indianapolis 19. 

Circle 327 on Reader Service Card 


may bi 


1.687 in. high and | 
in smallest stand 
and 


Inc, 525 


In-line relief valves .. . 

for hydraulic service at 

offers full reverse flow is said t 

ihcation k and reseat require 

of MIL-V-5523B. Weighs less thar 
oz. Gladden Products Corp, 635 W 

Colorado Blvd, Glendale 4, Calif. 


Circle 328 on Reader Service Card 


pa 5 spt ‘ 


ment 


Oil bypass relief valves . 
in 24- and 3-in. sizes, are flanged unit 
One 24-in allow 


sures to 325 psi, others 


model ontrol of pr 
are specified for 


nued on page & 


Where 


actuating control 
and precision 
are paramount 


—like in a giant 
supersonic 
wind tunnel 


—or a precision 
aleldalial-Mcele) 


f 


“Gs 
you'll find 
‘“BEAVERS’’ 


BEAVER ball screws are specified 
by engineers around the world for 
control of motion 


Compressing 
1600 


feet square against Talaelala-tiaelsi ic 


solid steel wind tunnel walls 


pressures and holding error to 
008" in. an 8 foot stroke—or ex 
treme accurate 3 dimension posi 
tioning of numerically controlled 
aalelaalials 


tool are all ‘‘naturals 


for this equipment 
Can your product be 
made more efficient 


- with Beaver Ball Screws? 
| Write for literature. 
aa 


ip Y-10 1%) 

Drecision 

| Mite ele [ton a 
d INC. 


a CLAWSON, MICH. 
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Aeroquip PUSH-PULL Hydraulic Couplings 
Connect and Disconnect Fluid-Carrying Lines 


AVAILABLE IN TWO THREAD TYPES 
FOR INDUSTRIAL APPLICATIONS 


5600 Series 


For N.P.T.F. pipe thread connection in 4” 
¥%y", V2", Me” and 1” sizes. 


5606 Series 


For all S.A.E. straight thread boss (O-ring 
seal) connections up through 1” tube sizes. 


@ Quick Connection and Disconnection ®@ Full Flow With Negligible Pressure Drop 
e Positive Sealing—Connected or Disconnected ® For Working Pressures Up to 3000 psi. 


® Simple, Rugged Components 


The new Aeroquip PUSH-PULL Coupling is designed for quick, easy 
connection of hydraulic lines. It features a simplified poppet valve 
seal that gives long, leakproof service life. The coupling is constructed 
to protect against entry of dirt into the hydraulic system. Where 
connect-under-pressure feature is desirable, the 5650 Series PUSH- 
PULL Coupling is available. 


Complete design information on the Aeroquip PUSH-PULL Covu- 
pling series is available. Fill in and mail the coupon below for your copy. 


. A T k 
Aeroquip PUSH-PULL Couplings on hydraulic lift truck. Rar 2 ge henge Werene 


Aeroquip Corporation, Jackson, Michigan 


Please send me your bulletin on PUSH-PULL 
Hydraulic Couplings for industrial applications 


\eroquip —- 


Title 
Company 


Address 
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DU* DRY 
BEARINGS 


Solve Another 
Problem 


“Only DU material was successful 
in ovr new 4-Way Plug Valve 
Shaft Bearings after four or five of 
the more conventional bearing 
materials failed to pass accept- 
ance tests.” 


J. B. Stevens, Mgr. 
Valve Sales & Engineering 
Schutte & Koerting 


Four-way valves with DU bear- 
ings were used in an entirely 
new approach to a boiler feed- 
water heating system devel- 
oped by the Kuljian Corp., 
applied by Cochrane Corp., 
and now installed in prototype 
unit at the Borough of Lans- 
dale (Pa.) Municipal Power 
Plant. Du bearings contributed 


to 4" appreciable savings 


per kw installed capacity by 
elimination of feedwater con- 
tamination, reduction of bypass 
leakage and resistance to the 
400°F operating temperatures. 


DU metal is an ideal bearing 
material for many applications. 
It withstands much higher 
velocities, runs much cooler at 
lower speeds than other un- 
lubricated bearings . . . has a 
compressive strength of 51,000 
p.s.i. DU metal is applied with- 
out the need for temperature- 
limiting adhesives . . . will 
withstand from 328°F to 
+536°F. 


Oo C HK 


Apply DU dry bearings to ap- 
pliances, automobiles, aircrait, 
farm and industrial machinery, 
office equipment. Standard 
bushings and thrust washers 
available for 4%” to 2” shafts; 
strip available for special fabri- 
cation. Write for engineering 
catalog DU-458. Special Prod- 
ucts Dept., United States Gas- 
ket Company, Plastics Division 
of The Garlock B 
Packing Com- 

pany, Camden 

1, New Jersey. 


*Trademark, Glacier 
Metal Compony ltd. 


COMPONENTS * MATERIALS + PROCESSES 
continued 
max operating pressures to 100 psi. Can 
be adjusted to give varying operating 
pressures. The 24-in. valve has 300-psi 
standard flange; 3-in. valve has 600-psi 
standard flange. Fulflo Specialties Co Inc, 
440 Fancy St, Blanchester, Ohio. 
Circle 329 on Reader Service Card 


Cold-setting pressure adhesive 
has been formulated to bond supported 
vinyl and polyethylene insulations to 
wood, metals, papers and fibreboard. Has 
thin syrup viscosity. After air-drying fot 
can be assembled by hand 
One gal covers about 200 sq ft 
Has _ oil-resistant 


2 to 30 min., 
pre ssure 
synthetic-rubber base 
Supplied in quart, gallon, 5-gal and 55-gal 
containers. Schwartz Chemical Co Inc, 
50-01 2nd St, Long Island City 1, NY. 
Circle 330 on Reader Service Card 


Panel-mounted switch-light . . 
can be supplied DPDT, double-break, posi 
tive action, with momentary contacts or 
push-on, push-off mechanism. By use of 
special gold contact and increased con 
tact pressure, currents as low as 0.25 milli 
amp can be switched 
front; 3-in 


Rebulbing is from 
square button is standard 
Pendar Inc, Switch Div, 14744 Arminta 
St, Van Nuys, Calif. 

Circle 331 on Reader Service Card 


Filter element can be removed 
and cleaned without contaminating pipe 
lines. Clamp closure facilitates removal of 
body tube. Porous metal element, usable 
with or without filter aid, can be supplied 
as cylinders, bayonets, stars or in special 
types. Standard filter withstands 125 or 
300 psig; can be designed to withstand up 
to 10,000 psi. Offers large filter surface 
area per unit volume, filtering to as low 
as 2 microns nominal, Filter comes in 
several pipe sizes and in variety of metals 
Price is said to be lower than previous, less 
easily maintained units. Micro Metallic 
Div, Pall Corp, 30 Sea Cliff Ave, Glen 
Cove, NY. 

Circle 332 on Reader Service Card 


Digital magnetic-memory 
drum... 

has readout that is claimed to be inde 
pendent of drum speed and the same at 
standstill as at high rotational velocities 
Permits positive recovery of stored informa 
tion. Drum is intended to provide such 
functions as variable delay for master con 
trol of automatic devices, and materials 
handling equipment; program control for 
automatic machine tools and other equip- 


continued on page 83 
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NEW... 
ys lightest and 
Toughest Ball Valve! 





Here’s the new 316 stainless steel 
ball valve that not only gives you 
maximum corrosion resistance, but 
also positive assurance of leakproof 
service! 

It’s Tightest because exclusive 
spring rings back up its twin Teflon* 
seats . . . automatically compensate 
for pressure variations, wear, cold- 
flow deformation and temperature 
effects. With flow in either direction 

. under vacuum or 600 psi... 


ROCKWOOD 
BALL VALVES 


a 


erent eee 


a 





The ROCK WOOD Type 


“Spring Pressure Compensated” * * 


316 Stainless Steel Ball Valve 


seats always hug the ball. 

It’s Toughest because it’s made 
with integrally cast flanges or screw 
ends. They stay leakproof even under 
constant vibration. 


You get all the other Rockwoop 
features, too: smooth, full round 
flow; easy 4 turn opening and clos- 
ing; dead tight sealing without lubri- 
cation; and many more. For use 
at temperatures from —65°F to 


A Division of The Gamewell Company 


Name 


Company 


Street. . 


City. . 


ROCKWOOD SPRINKLER COMPANY 


350°F, the Type 316 can be easily 
modified for cryogenics applications 
Always tight in vacuum service, too. 
Handles air, alcohols, fuel and inert 
gases, water glass and many other 
fluids. For service up to 600 psi. 
4 models available. Sizes ¥” through 
2”. Send coupon for complete de- 
tails. Tested and listed by Under- 
writers’ Laboratories, Inc. 

*DuPont Reg. T.M. Teflon seals include seats 


and adjustable chevron stem packing. Also avail 
able with nylon or synthetic rubber seals 


**Patent Pending 


“os 


829 Harlow Street, Worcester 5, Massachusetts 


Please send full details on the new Type 316 Stainless Steel Ball Valve 


Title 


Distributors in all principal industrial areas I 
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ENGINES 


BUILT BY 


TECUMSEH 


... he Ket ; oft Cmeriews 
mesl pooular guider 


aan? ; 


Look to the lower right of the crankshaft and you 
will see the remarkable Fly-ball mechanical governor. 
It is standard equipment—for the first time in the 
industry—on the new, low-silhouette Tecumseh-built 
engine. It adds as much as 30% more usable power 

. matches engine power-output with power-need 
under all types of mowing conditions. 


This is just another example of advanced engineering 
and quality production that leads more and more garden- 
equipment manufacturers to standardize on Tecumseh- 
built engines. We'd like to show you the dozens of other 
advantages of specifying Tecumseh. Write us for details. 


TECUMSEH 


PRODUCTS COMPANY 





DER 


[AUSON- POWER 7-10), te) 


Home Office: Tecumseh, Michigan « Engine Plants: Grafton, New Holstein, Wisc. 


Tecumseh is also the world’s largest manufacturer of compressors 
for the air-conditioning and refrigeration industry 
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eg 


HYDRAUL 


ingle Turn Back-up RINGS... 
ALL THE NEW MILITARY SIZES — 
MS-28774, MS-28777 and MS-9058. 
Accurately machined to assure you the fullest utility 
range and life of your equipment. 


Only HALOGEN offers “MEMORIZED” 
TEFLON 


Halogen cylinder 
packing is known 
for operating success- 
fully and efficiently 
over the widest 
temperature and 
pressure ranges. . . 
because they are 
“MEMORIZED”. 


This is an EXCLUSIVE 
process which makes 
the packing lip 
“remember” the size 
of the rod or cyl- 
inder . . . and keeps 
it in sealing position, 
regardless of temp- 
erature variations. 


Send your prints for 
assembly details 
and find out about 
FIELD PROVEN 
AND ENGINEERED 
“TEFLON by 
HALOGEN.” 


SEAI 


INSULATOR & SEAL CORP. 


7960 Pacific Avenue, Franklin Pork Illinois, Gladstone 5-9000 


Engineers and manufacturers of p ts of TEFLON “DvP 


CIRCLE 206 ON READER SERVICE CARD 





COMPONENTS * MATERIALS + PROCESSES 
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ment; and synchronous conversion of 
binary codes from parallel to serial and re- 
verse. Read heads are self-contained, bista- 
ble magnetic amplifiers that are triggered 
by external magnetic field of particular po- 
larity. For operation into transistor circuitry, 
output is rectified and matched for low 
impedance, with “one” output of 1.5 v 
into 1000 ohm and “zero” output of less 
than 30 milliv. For operation into cold 
cathode matrix, “one” output is 65 v ac 
and “zero”’ is less than 2 v. Consolidated 
Controls Corp, Bethel, Conn. 

Circle 333 on Reader Service Card 


Minature fluid-power cylinders 
are for air service to 250 psi; for hydraulic 
service to 750 psi. U-cup packings are said 
to have minimum friction and honed steel 
barrel to minimize adhesion between syn- 
thetic packings and metal surface. Re- 
quires min space because heads are perma- 
nently attached to barrel. Bronze rod 
heads offer good bearing surface and elimi- 
nate rod bushings. Hard chrome-plated 
rods with accurate alignment of barrel to 
head permit accurate positioning and max 
thrust. Available in bore sizes of 7, 1 and 
ls in. Basic list prices, zero stroke, range 
from approximately $10.80 to $26.50, with 
addition of about 40 to 90¢ for each 
inch fraction of stroke. Paragon Mfg 
Corp, 1179 E 134th St, Cleveland 10. 
Circle 334 on Reader Service Card 


pric e 


Combination starter with 
safety features... 
onsists of magnetic motor starter, control 
transformer and branch circuit protective 
device (disconnect switch or circuit break- 
er). Furnished only in NEMA 12 enclo- 
sure and in sizes 1 and 2. Unit is avail- 
able with no increase in price or physical 
size over conventional combination starters 
For normal maintenance, main door can 
be opened with tool only when disconnect 
switch or circuit breaker is in off-position 
With door open, switch can only be closed 
by operating defeater mechanism. General 
Electric Co, Schenectady 5. 

Circle 335 on Reader Service Card 


Decimal-circle templet . . . 


contains 66 circles from 0.1 to 1 in 
dia. Diameters from 6.1 to 0.5 in. are in 
increments of 0.010 in.; from 0.5 to 1 in 
in increments of 0.020 in 
of 0.010 and 0.020 in 


TOWS; 


Increments 
are in horizontal 
increments of 0.1 are in vertical 
Templet size is 64 x 84 in. Price, 
$2. Rapidesign Inc, PO Box 429, Bur- 
bank, Calif. 

Circle 336 on Reader Service Card 


rows 
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Gas-lubricated Bearings 


BOEKER, FULLER and KAYAN. WADC Tech. 
nical Report 58-495), PB 151946. Dept of 
Commerce, Office of Technical Services; Wash- 
ington 25, DC. 8 x 11, 288 pp. $4. 


This report (full title: “Gas-Lubri- 
cated Bearings, A Critical Survey’’) 
summarizes the work on the hydro- 
dynamic types of gas-lubricated, thrust 
and journal bearings with their at- 
tendant problems such as self-excited 
shaft vibrations. Literature on exter- 
nally pressurized bearings is critically 
reviewed, and an effort is made to 
present a broad picture of what is 
known in terms of analysis, design and 
performance for these bearings. Areas 
where further information is definitely 
needed are emphasized. 

The latter part of the report de- 
scribes an electrical network useful in 
analyzing the pressure and flow rela- 
tions within the various portions of 
the gas-bearing path. 


Engineering Mathematics 


ROBERT E GASKELL. Henry Holt and Co, 383 
Madison Ave, NY 17. 7 x 9'/2, 462 pp. $7.25. 


Any text bordering on two fields 
might find itself under fire from two 
directions, in this case from engineers 
and from mathematicians. Since this 
text is written for engineers and engi- 
neering students, there may be much 
to rouse the mathematician who ordi- 
narily expects different standards. 
Rigor seems sacrificed on many occa- 
sions, and there is some repetition. But 
repetition and emphasis can be desir- 
able features. Communication between 
human beings somehow thrives on re- 
dundancy. 

The approach in this text to differ- 
ential equations is an innovation. It 
begins with a thorough treatment of 
linear differential equations with con- 
stant coefficients. This particular type 
of differential equation is so important 
to an engineer that it does seem advan- 
tageous to have placed this topic first. 
Two later chapters are devoted to 
other types of differential equations 
and to the _ separation-of-variables 
method for solving boundary-value 
problems. One chapter supplies appli 
cations of linear differential equations 
with constant coefficients specifically. 

Matrices and vectors are included, 
and the chapter on special functions 


can help a student break away from 
the restrictive bounds of the elemen- 
tary functions. The usefulness of each 
of these topics is pointed out in ap- 
plications to linear systems particu- 
larly, and to many other engineering 
problems in the course of the work. 


Oscillatory Rolling- 
contact Bearings 


GLAESER, ALLEN, GRIESER and VAN DYKE. 
(WADC Technical Report 59-145), PB 151909. 
Dept of Commerce, Office of Technical Services, 
Washington 25, DC. 8 x 11, 97 pp. $2.50. 


A total of 1080 aircraft-type roller 
bearings have been evaluated under 
oscillating conditions over a temper- 
ature range from 300 F to 600 F 
Three bearing materials, two bearing 
designs, two oscillation amplitudes, 
and a number of high-temperature 
greases were investigated. Load-life 
charts with 95% confidence limits 
have been established from a statisti- 
cal analysis of the data. 

Results of these evaluations indicate 
some general principles which might 
suggest lines to follow in developing 
high-temperature, high - load - capacity 
roller bearings: 

Bearing materials should be ex- 
tremely hard, especially at the surface, 
and should be resistant to plastic de- 
formation at temperature. These mate 
rials should be highly resistant to oxi- 
dation. If oxides are formed, they 
should be soft and nonabrasive. Di- 
mensional stability is essential. 

Bearings should be designed with as 
much open space between the rollers 
as is practical to prevent fouling of 
the bearing with debris. Re-entrant 
corners and similar debris collectors 
should be avoided in the roller-race 
areas. A compromise between a maxi- 
mum number of rollers for load-carry- 
ing capacity and a minimum for anti 
fouling characteristics must be estab 
lished. Rolling should be 
smooth as possible to prevent roller 
skewing tendencies. Loads between 
the rolling elements should be equally 
distributed between outer race, roller 
and inner race, if possible 

This research program has shown 
also that materials and lubricants exist 
which are capable of giving reasonable 
bearing lives for airframe applications 


surfaces 
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4 
of the 20 
available 
models 


REPUBLIC 


Wr Lei z Vengtl ii, ice een 


MAIN OFFICE AND FACTORY 


15655 Brookpark Road, Cleveland 35, Ohio 15844 Strathern St., Van Nuys, Calif 





General Purpose Hinge 
Creates Flush Surfaces 


These hinges are completely 

hidden from view when door, 

lid or hood is closed. Makes 

possible flush, absolutely 

smooth surfaces that greatly 

enhance appearance and safety. 

Tapered body sections are pre- 

cision castings of a special zinc 

base alloy having a tensile 

strength of 47,000 pounds per i 
square inch. Operates in a 180 degree arc which permits 
full opening. Laminated link construction reduces fric- 
tion and permits hinges to operate freely and smoothly. 
Hinges are reversible and may be used right or left hand. 
Available for wood or metal application in a wide variety 
of sizes. For complete details, prices and free illustrated 
catalog, write today to 


SOSS MANUFACTURING CO., Dept. PER-10 
P.O. Box 38, Harper Station, Detroit 13, Mich. 
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NEW... 


INSTRU-NEEDLE 
VALVES 


Republic Instru-Needle Valves are 

better, and cost no more. They give 

unexcelled service in instrumentation, 

gage shut-off, test panels, and other small- 

line circuitry. Economical to install and 

maintain. Standard units have 10 different 

porting combinations inline and angle, with 

internal and external pipe, 37° flared, and flare- 

less tube. All are standard in regular and 
panel-mounting types. 

Bodies are forged, either brass or stainless steel. 

Working pressures: brass, 3000 psi; stainless steel, 

5000 psi. For complete information, ask for 

Bul. 959. 


Stocking Distributors Coast to Coast 317 


PACIFIC SALES DIVISION 
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DESIGN LITERATURE 


continued 


up to 600 F. There is room for con- 
siderable improvement, however, if 
tomorrow’s demands for longer lives 
and higher reliability are to be met. 
(Full title of this report: “The Devel- 
opment of Oscillatory Rolling-con- 
tact Bearings for Airframe Applica- 
tions In The Temperature Range 
300 F to 600 F.’’) 


Other Books of Interest 


Graphical Symbols for Welding 
ASA Y32.3-1959. ASME, 29 W 39th St, New 
York 18. 6 x 9, 90 pp. $3. 


ASTM Standards on Metal Powders 
and Metal-powder Products B-9 
ASTM, 1916 Race St, Philadelphia 3. 6 x 91%, 
86 pp. $2.25. 

Provides methods of testing, specifications 
and definitions. 


Handbook of Preferred Circuits 
NAVAER 16-1-519. National Bureau of Stand- 
ards. Office of Technical Information, Wash- 
ington 25, DC. 734 x 10%, 54 pp. 30¢ 

Navy Aeronautical Electronic Equipment, 
supplement No. 2. 


Economic Control of Interconnected 
Systems 
leon K Kirchmayer. John Wiley & Sons Inc, 
440 4th Ave, New York 16. 6 x 9/2, 207 pp. 
$12.50. 

Stresses mathematical, control and computer 
skills for accomplishing optimum economic 
operation of interconnected utility systems. 


ABSTRACTS 
FROM THE LITERATURE 


Fatigue-resistant Riveting 

This paper. concentrates on the 
techniques of increasing fatigue 
strength of riveted structures by re- 
moving rather than adding weight 
Gives design procedures, test results, 
effects of various kinds of stress, and 
a list of seven design tips. Drawings 
of the riveted joints discussed in 
paper and curves giving data obtained 
from fatigue tests are included. 


“Designing Fatigue-resistant Structures,” C. 
R. Smith, Convair, Div General Dynamics 
Corp; ASTM paper 76. American Society for 
Testing Materials, 1916 Race St, Philadelphia 3 


Thermoelectric Concepts 
for Engineers 

Most engineers have studied the 
first and second laws of thermody- 
namics (relating to the conservation of 
energy and the production of entropy). 
However, these are insufficient tor 
understanding the concepts in the 
simultaneous flow of electric current 
and heat, the basis of applications of 


this new type of power package. 
Thermoelectric concepts are pre- 
sented in terms of simultaneous equa- 
tions involving current and heat flows. 
Although the explanations given do 
not entirely fit the physical conditions 
of thermoelectric materials used in 
practice, they should meet immediate 
needs of most interested engineers. 


“Thermoelectric Concepts for Engineers,” 
Milnes and Alfonso, Carnegie Institute of Tech- 
nology; AIEE paper CP 60-173. American 
Institute of Electrical Engineers, 33 W 39th St, 
New York 18. 


Engineering Materials and 
Design Conference 

This conference was the first of its 
kind held in England and, like the an 
nual US Design Engineering Confer- 
ence, was accompanied by an exhibi- 
tion of materials, components and 
processes, It took place Feb 22-26 in 
London and was sponsored by the 
magazine, Engineering Materials and 
Design (Drury House, Russell St, 
London W C 2, England). Some of 
the papers read at the meeting are 
noted below: 


Standards 

In a paper entitled “Standards in 
Design,” R. K. Whitehead includes a 
four-page table that lists the prefixes 
used in standards specifications in the 
US, the United Kingdom and a num- 
ber of other countries, together with 
the issuing organizations and the of- 
fices from which the standards can be 


obtained. 


Industrial Design 

Dutch industrial designer-mechani 
cal engineer H. A. Nieboer discussed 
the role of this type of specialist in 
the engineer's task of applying elec- 
trical and other types of energy to 
modern products. Title of his paper 


continued on page 8&6 

















"One thing about George. He doesn’t panic 
easily over Product Design deadlines.” 


7 
Be initia 


JEWEL BEARINGS 
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MORE WORKING MUSCLE | “""""— 


was ““The Case for Industrial Design.” 
Another engineer-turned-industrial de 


IN THE signer, R. M. Kay, proposed, in “In 


INDUSTRIAL dustrial Design in Engineering,” a 
formula in which he assigns alegebraic 
symbols to the various factors in prod- 

L-4 ® 


uct development 


ENGINE 
CATALOGS 


AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 89 


SCREW FASTENING OF ALUML 
NUM-—Booklet, 48 pp Covers various 
standard and special fasteners and fastener 
systems. ‘Text is supplemented by 38 il 
lustrations and 12 tables. List of manu 
facturers of special screw fasteners and 
recommended hole sizes for various self 
tapping screws Reynolds Metals Co 
PRD-32, Richmond 18, Va 

Circle 350 on Reader Service Card 


ELECTRONIC COMPONENTS ~— Bul 
letin AD-169, 24 pp. Outlines mechani 
al and electrical design and environ 
mental characteristics of Teflon, nylon 
Kel-F, Delrin and other plastic electronic 
omponents Contains several basic e1 
gineering drawings on tracing papet 
lock Packing Co, 443 Main St, Pa 
NY 

Circle 351 on Reader Service Card 


POLYPROPYLENE—Booklet, 20 pp. In 
formation on physical characterist me 
chanical properties, chemical resistance, 
electrical properties of polypropylene. Also 
covers injection molding, extrusion and 
fabrication Supplemented with tables, 
charts and photographs. Hercules Powder 

The ‘Jeep’ L-4 was designed to give you the win- Li Co, Wilmington 99, Del 


; er Circle 352 on Reader Service Card 
ning combination you need: the smoothness of 


a six, with the economy of a four. This rugged en- . row FLANGE-TYPE 


FITTINGS — Catalog, 
gine delivers 20-45 continuous duty horsepower. m | 16 pp. Describes line of flange-type hy 
. : : : 7 , draulic | oO ction fi y 

Coast-to-coast and world-wide distribution of draulic tube- and pipe-connection fittings 
Covers 30 models L & L Mfg Co, 
21590 Hoover Rd, Warren, Mich 

KEYPOINT ENGINEERING MAKES THE DIFFERENCE. The Circle 353 on Reader Service Card 
parts that work the hardest are built the strongest. Every 
‘Jeep’ Industrial Engine is built this way, to insure a long, EPOXY RESINS—Booklet No. 1. 24 pp 
rugged life. Among the L-4 Keypoint features are Positive THE ‘JEEP’ 6-CYLINDER ENGINE P; : ee vg “abe: PI 
Valve Rotators, Hard-chrome rings, Stellite or Eatonite Big brother to the L-4 is the resents physical properties of three new 


valves, positive crankcase ventilation and many more at powerful ‘Jeep’-6, a heavy duty epoxy resins that display novel struc ture, 
engine that delivers up to 65 : 
no extra cost. continuous duty hp. High tor reactivity ind uring haracteristics 


que in low speed ranges, for Epoxy De pt, Food Machinery 
extra muscle 


A ; 
, Write for literature and prices 
KAISER WILLYS MOTORS, INC. : 
WILLYS Industrial Engine Dept. PRECISION METERS—Catalog, 20 pp 
Toledo, Ohio Lists and displays current, voltage and 
MOTORS high-resistance meters; available in port- 


Manufacturers of ‘Jeep’ 4 and 6 Cylinder Industrial Engines continued on page 89 


parts. Reasonably priced. Pilot models available 


and Chem 
ical Corp, 161 E 42nd St, New York 17 
Circle 354 on Reader Service Card 
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WARRICK earcce typ. 
LIQUID LEVEL CONTROLS . . . 


give you all these advantages! 


No moving parts in the 
liquid @ Easy to install 
@ No adjustments neces- 
sary @ Unaffected by acids 
or caustics @ Unaffected by 
pressure or temperature @ 
Standard 2&3 pole units 
listed by U/L 


Write for 32-page 


Catalog which gives 
complete specifications 


Two pole control shown ot left 


YOU CAN USE OUR CONTROLS FOR: 
@ Single & multiple pumps e¢ Sewage & waterworks 
@ Motor & solenoid valves ¢ Chemical Industries 
e High & low cutoffs @ Food & Dairy Industries 
& alarms @ OEM applications 
Special controls to custom requirements 


CHARLES F. WARRICK CO. 


1964 W. Eleven Mile Road, Berkley, Michigan 
Dept. 3 Telephone JOrdan 4-6667 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N_Y. 
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ROTARY SWITCH 


Its broad applicability is an important feature of 

Superior’s new rotary switch. Its flexible basic design 

enables it to be used advantageously on existing cycling 

equipment; also makes it adaptable to many O.E.M. 

applications. The switch shuts off power at the end of 

each cycle and automatically starts the cycle unless 

interrupted. Safety is a bonus feature with a new high 

attained in dependable, long ring life... Send us your 

current requirements and other data for our quotation. 
a 

Superior’s wealth of experience in powder metallurgy 

insures the right selection of brush, ring and insulation 

materials to fit your 

electrical specifica- 

tions. For the first 

time in this type of 

switch, arcing and 

subsequent material 

breakdown are defi- 

nitely retarded. 

Photo at right shows 

rings after having 

operated 2,000,000 

cycles. 


911S GEORGE AVENUE - CLEVELAND 5, OHIO 


| AY LPEOPT OF” carson rosucrs, mc 


BRUSHES + CONTACTS «+ SLIP RING ASSEMBLIES 
POWDER METAL PARTS « MECHANICAL CARBONS 
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"and Bolf threads (Fig. 2). 


with prevailing torque 


Three sectors of the tapered por- 
tion of the CONELOK nut are 
preformed inwardly (Fig. 1). When 


the Nut is applied to a bolt, these 


conforming sectors are elastically 
returned to a circular configuro- 
tion anc create an inward and 
downwerd pressure which pro- 
duces intimate contact between 
the load corrying flanks of the nut 
The 
shape of the cone sector displace- 


New One-Piece 


Conelok 


tion contact area. . . . The closed 
stress path in the locking portion 
of the nut and the advantageous 
distribution of locking pressure, 
produce a locking device of high 
fatigue life ... and equivalent 
locking force is exerted at only a 
fraction of the stress of any slot- 


ahahobelatadaha bad shat ht 


tains its locking action through 
many re-applications. ... i is 
adaptable fo high, and low torque 
assemblies .. . to high torque 
stop-nut applications ... and may 
be obtained in sizes from No. 10 
Full and Thick di- 


mensions are “Standard” 


Send for brochure which 


includes complete 


through ] yy” 


ment insures conformity with the 


ng bolt and maximum fric- engineering specifications 





ted type locknut. CONELOK main- 


) marionat MACHINE PRODUCTS COMPANY 


mponry 44250 UTICA ROAD yu. 7 ) <a — age 
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AIDS LUBRICATION 
UNIQUE STABILIZATION 


Low-Speed, Positive Drives or Motion Transfer ALLOYS. READILY 


«+ « At Far Less Cost! 
NOW—BEAD CHAIN—QUALIFIED FOR DRIVES 


Swivel-like Bead Chain and special non-slip sprockets make 
any drive possible ... at low cost... eliminates expensive 
gears, universal joints, etc. Perfect for inaccessible locations! 








Metal, wire, foil 
aa . spheres, 
““indalloy”’ solders, etc. 


NDIUW 





BEAD CHAIN 


Chain of a thousand uses! Low 
cost, attractive, easy to usel 
5 Sizes: 3/32" to %”. 
Strengths 20 to 200 Ibs. 


Write for FREE Catalogs! 


CATIMAAN 











Write Dept. P-1259 for new Indium bulletins 
“INDALLOY” Intermediate Solders 


THEEN DIUM 


CORPORATION OF AMERICA 


1676 Lincoln Avenue @ Utica, New York 


PIONEERS in the 


Development and Applications of Indium for Industry 





SUSPENSION CHAINS DOOR CHECK TAG CHAINS 


la 
THE BREAD CHAIN MFG. CO! 


92 Mountain Grove St., 


Since 1934 
Bridgeport, Conn. 
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DESIGN LITERATURE. . . .continued 
able, panel and bench models. Master 
chart determines meter that combines up 
to 23 ranges. Greibach Instruments Corp, 
318 North Ave, New Rochelle, NY 
Circle 355 on Reader Service Card 


FLEXIBLE COUPLING—Bulletin 5103 
10 pp Revised edition covers line of 
yuplings, including new Junior 

Presents ratings, sizes and 
selection information. T B Wood's Sons 
Co, Chambersburg, Penna 


Circle 356 on Reader Service Card 


flexible 
coupling 


POWER NOMOGRAPHS FOR FIXED 
RESISTORS — Bulletin 5000E, 8 pp 
Power nomographs predict A-B composi 
tion fixed-resistor performance for periods 
of 100 hr to 100 yr. 
ples are 


Four typical exam 
illustrate use of 
power nomographs Allen-Bradley Cx 
136 W Greenfield Ave, Milwaukee 4. 
Circle 357 on Reader Service Card 


included to 


FABRICATED SILICONE RUBBER— 
Bulletin, 6 pp. Describes fabrication ca 
pabilities and facilities for producing cus 
tom parts of silicone rubber 
Div, Haveg Industries Inc, 
l'aunton, Mass 


Circle 358 on Reader Service Card 


Taunton 
336 Weir St, 


MAGNETIC PULLEYS 


2000, 8 pp 


Catalog (¢ 
Discusses factors governing 
selection of electromagnetic or non-electric 
ceramic-type pulleys Dings Magnet 
Separator Co, 4740 W Electric Ave, Mil 
waukee 46. 

Circle 359 on Reader Service Card 


PROVING RINGS—Booklet P 260, 4 pp 


Information on what proving rings are, 


how they are used. Includes characteris 
tics of dial indicator and optical proving 
rings. Steel City Testing Machines Inc, 
8817 Lyndon Ave, Detroit 38. 


Circle 360 on Reader Service Card 


CAST OR SOLID URETHANE-—Bro 
chure, 4 pp Contains charts showing 
physical properties, applications and ad 
vantages of Daycollan. Dayton Rubber 
Co, Dayton 1, Ohio. 

Circle 361 on Reader Service Card 


MINIATURE PRECISION BEARINGS 
Catalog 60-01, 4 pp. Design features, 
available styles and sizes, specifications, 
application and installation procedures 
are included. Also, guide for selection 
of miniature sintered-bronze bearings. 
Northfield Precision Instrument Corp, 
4400 Austin Blvd, Island Park, NY. 
Circle 362 on Reader Service Card 


SCIENCE EDUCATION AND CA- 
REERS-—Bibliography, 10 pp. Compiled 
with aid of US Office of Education and 


other professional societies and govern 
ment agencies, booklet provides abridged 
reference guide. Formerly distributed for 
25¢, leaflet is now free. Scientific Appar- 
atus Makers Assoc, 20 N Wacker Dr, 
Chicago 6. 

Circle 363 on Reader Service Card 


MICROMINIATURE CO-AX CON- 
NECTORS—Catalog, 6 pp, and price 
list. Electrical, mechanical and environ 
mental specifications and outline drawings 
of snap-locking microminiature coaxial 
connectors. EPL Technical Information 
Service, Electro-Physics Laboratories Div, 
Marshall Industries, 2065 Huntington Dr, 
San Marino, Calif. 

Circle 364 on Reader Service Card 


UNITIZED MOTORS-—Bulletin GED- 
3876, 4 pp. [Illustrated bulletin gives 
electrical performance and dimensions of 
unitized two-pole, 33-frame, shaded-pol 
motors. Two basic versions are described 
Applications for motors, 1 
millihp, are listed. 
Schenectady 5. 
Circle 365 on Reader Service Card 


through 20 
General Electric Co, 


GAGES AND INSTRUMENTS-—Bulle 
tin 3015, 4 pp Provides roundup of 
gages and instruments for process indus 
tries Schematic shows installation of 
indicating pneumatic controller in system 
Includes construction information and 
specifications. US Gauge Div, American 
Machine & Metals Inc, Sellersville, Penna 

Circle 366 on Reader Service Card 


EXPANDED METALS—Folder, 4 pp 
Describes line of expanded metals. Chart 
lists min and max dimensions. Designers 
Metal Div, North American Cement 
Corp, 650 Hoffman St, Hammond, Ind 

Circle 367 on Reader Service Card 


PRESSURE INSTRUMENTATION 
Brochure, 4 pp. Variable reluctance and 
de-de instruments, in ranges from 0-0.1 
to 0-3500 psi, gage, differential and abso- 
lute, are shown and described. Ultradyne 
Inc, 2630 San Mateo NE, Albuquerque, 
NM. 

Circle 368 on Reader Service Card 


COATING PROCESS—Data sheet, 4.5, 
2 pp. Discusses physical, chemical and 
fabrication properties of surface protection 
provided by Microcoat process. Covers 
application, thickness specifications and 
fusing procedures. Wall Colmonoy Corp, 
19345 John R St, Detroit 3. 

Circle 369 on Reader Service Card 


HIGH-PURITY INDIUM — Technical 
bulletin HP-100, 1 p. Describes three 
grades of indium ingot now available and 
lists various suggested uses. High Purity 
Metals Inc, 340 Hudson St, Hackensack, 
NJ. 

Circle 370 on Reader Service Card 


FHP DC MOTORS-—Bulletin GEC-1539, 
2 pp. Lists ratings and frame sizes of 
open and totally enclosed de motors 
Also describes features, dimensions and 
applications. General Electric Co, Schen 
ectady 5. 


Circle 371 on Reader Service Card 


ABRASIVE FINISHING FOR SILVER 

Data sheet, 1 p. Step-by-step informa 
tion on producing such: finishes as dull 
matte, dull satin, butler, semimirror and 
mirror on solid silver and silver alloys 
Lea Mfg Co, 16 Cherry Ave, Waterbury 
20, Conn 


Circle 372 on Reader Service Card 


METALLIZED-CERAMIC COMPO. 
NENTS—Bulletin M-100, 1 p. Describes 
use of metallized-ceramic, glass and mica 
components in preparing electronic in 
sulator for permanent bonding to metal. 
Also lists specifications on types of metal 
lized coatings and available ceramic-base 
materials. Metalizing Industries Inc, 338 
Hudson St, Hackensack, NJ 

Circle 373 on Reader Service Card 


ONE-COAT COATING—Bulletin 540-A, 
2 pp. Information on chemical and phy- 
ical properties of fibrous epoxy-based mas- 
tic coating, which combines rust inhibi- 
tive primer properties with organic and 
inorganic chemical resistance Prufcoat 
Laboratories Inc, 63 Main St, Cambridge 
42, Mass 


Circle 374 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 
Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


WIRE AND CABLE TERMS—Booklet, 
52 pp. Pocket-size publication lists, alpha 
betically, common terms, expressions and 
units used in electrical wire and cable in- 
dustry. Standard Wire & Cable Co, 
3440 Overland Ave, Los Angeles 34 





“We can't let bim go now... He's got that 
job in such a mess no one else can do any- 


thing with it!” 
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\ COVERAGE / 
eG 


TIONAL” / 
Positions Vacant 
Positions Wanted 
Part Time Work 
DISPLAYED 
The advertising rate is $31.20 per inch for all adver 
ising appearing on other than a contract basis. 
Frequency rates quoted on request. 
An advertising inch is measured %” vertically on « 
column—3 columns—30 inches to @ page. 


Subject to Agency Commission 


Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P.O. Box 12, N.Y. 36, N.Y. 


. EMPLOYMENT OPPORTUNITIES 


The Advertisements Im this section include all employment opportunities —esecu- 
tive, management, teclnical, selling, office, skilled, manual, eto. 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


———RATES——-- 


Employment Agencies 
Employment Services 
Laber Bureaus 


UNDISPLAYED 


$2.10 per line, minimum 3 fines. To figure advance 
payment count 5 average words as a line. 

Position Wanted Ads are % of above rate 

Box Numbers—counts as | line. 

Discount of 10% if full payment is made in advance 
for 4 consecutive insertions 

Not subject to Agency Commission. 








TR. Og 


Unmatched in Gasketing 


1. VELBUNA for Dimensional 
Stability . . . You need Close 
maintenance of dimensions, 
before and after installation, 
to provide the best seal. Vel- 
buna’s excellent Stability 
Over extended periods of 
time is unmatched by any 
competitive material. 


2. VELBUNA for High Recov- 
ery Rate Completely 
blended with Buna-N syn- 
thetic rubber every fibre of 
Velbuna’s homogeneous tex- 
ture “works” to spring back 
to its original shape. This re- 
sults in an extremely high 
recovery rate over a wide 
range of compressive loads. 
Torque loss is negligible. 

The Velbuna Line of gasket- 
ing material is your answer 
to a broad range of problems 
where a firm but conforma- 
ble material is required. It is 
especially suited to services 
involving petroleum Oils, 
greases, fuels, and water. 
Write for a Sample and test 
it in your own applications! 





Write today! 
THE VELLUMOID COMPANY 
54 Rockdale St. 
Worcester, Mass. 
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eee 
ANNOUNCING 
CLEVITE'S ultra-modern 


udu 
SEMICONDUCTOR PLANT 


Under construction on 
FABULOUS ‘ELECTRONICS HIGHWAY” 
Route 128 


NOW INTERVIEWING 


MECHANICAL ENGINEERS 
MACHINE DESIGNERS 


BENEFITS: © Top Salaries @ Blue 
Cross-Blue Shield @ Tuition Reim- 
@ Paid Accident and 
Pension Plan 


bursement 
Health Insurance @ 
@ Paid Vacations 

CITIZENSHIP NOT REQUIRED 


CALL COLLECT or send resume 
to Engineering Placement Director 


CLEVITE 


TRANSISTOR PRODUCTS 


257 Crescent St., Waltham 54, Mass. 
TWinbrook 4-9330 








PROJECT ENGINEER SALARY $11,900 


Experience in Solenoid Valves Pressure Regulators 
Expansion Valves would be very helpful. We need 
the type of man who can assume responsibility 
and in a year to two years head up dept. and be 
a good sound administrator. Their business is in 
creasing tem percent annually so this represents 
excellent opportunity for the right man Resumes 
handled in strictest confidence 

Esquire Personnel Service, Inc 

202 S. State St. Chicago 4, tilinois 


Ber No. 


ADDRESS BOX NO. REPLIES TO 
ation 


Classified Adv. Div. of this publi 
Send to office nearest you. 
VEW YORK 36: P. O 
CHICAGO 11: 520 N 

SAN FRANCISCO 


Bor 12 
Michigan Ave 
68 Post 8t 





POSITION VACANT 


Chief Engineer, graduate electrical engineer. 
Five to ten years experience in the design 
and development of small electric motors 
Excellent opportunity with a leading medium- 

ed manufacturer. Location—-Oh Submit 
complete resume to P-3869, Product Eng 


ne ng 





“Put Yourself in the 


Other Fellow’s Place” 





TO EMPLOYERS 
TO EMPLOYEES 








Letters written offering Employment 
or applying for same are written with 
the hope of satisfying a current need. 
An answer, regardless of whether it is 
favorable or not, is usually expected. 
MR. EMPLOYER, won't you remove 
the mystery about the status of an em- 
ployee’s application by acknowledging 
all applicants and not just the promis- 
ing candidates. 


can help 


MR. EMPLOYEE you, too, 
by acknowledging applications and job 
offers. This would encourage more 
companies to answer position wanted 
ads in this section. 








CHIEF ENGINEER 


Graduate M.E., age 35-50. Experience in paper 
converting machinery or packaging machinery desir- 
able. Must be good administrator. Salary open, 
liberal insurance program and profit sharing plan 
Excellent opportunity to fill real key spot. Please 
send complete resume to Herbert H. Weber, 
H. G. WEBER COMPANY, INC. 
Kiel, Wisconsin, or tel. Kiel, TWinbrook 4-222! 


We make this suggestion in a spirit of 
helpful cooperation between employ- 
ers and employees. 


This section will be the more useful to 
all as a result of this consideration 





PROFESSIONAL SERVICE 


Classified Advertising Division 





RELIABILITY EVALUATION 
AND IMPROVEMENT 


Statistical Methods for Engineering, R an 
Development and Manufacturing 
RATH & STRONG, INC 
Industrial Consultants 
140 Federal St., Boston 10, Mass 
Liberty 





* Practical applications of advanced techniques in 
esearch and 


McGRAW-HILL PUBLISHING CO., INC. 


330 West 42nd St., New York 36, N. Y 
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As long as the supply lasts, readers 
in US and Canada can secure one copy 
of “Pp” lettered reprints, without 
charge, by using one of the Reader 
Service cards bound inside the back 
cover. Note that the card must be used 


within 60 days of publication date 


7 Steps to Better Oral Reporting..P 42 
Faster Way to Set Statistical 
Tolerances P 
4 Types of Vibrators.. Pp 
Resin-bonded Wood Compositions P 
20 Applications for Screw Threads P 
Integrally-sealed Ball Bearings...P 
How to Design Against Tampering P 
Selecting Change Gear P 
Comparing Test Results Pp 
High-temp Spring Material P 
When Fungi Attack Your Product P 
Fluids for Power and Control P 
Frequency of Stepped Shafts P 
Cam Controls Aids Planetary Gear P 
Reserve Strength in Metal Parts P 
Multi-Variable Experiments P 
Engineering-aptitude Tests P 
High-temp Reinforced Plastics P 
Mechanical Reliability Pp 
Reinforced-plastic Springs P 


QUANTITY PRICES 
For single shipments of any one 
title to one address on order accom 
panied by remittance, quantity orders 
will be supplied as long as the supply 
lasts 
Quantity Price per copy 
$0.25 
25 0.20 
50 0.15 
100 Write for quotation 
Make checks payable to PRODUCT 
ENGINEERING, 330 West 42nd St., 
New York City 36, NY 


SPECIAL REPORTS 
Here is a list of special reports still 
available. You may obtain any four for 
$1 by writing Reader Service Dept, 
PRODUCT ENGINEERING, 330 W 42 
St. New York 36. Please enclose remit- 
tance with order; we pay postage 
New Equations for Circular-arc 
Cams - ; R 
Contour Weaving for Reinforced 
Plastics ; 2a 
When You Need Noncircular 
Gears 
Selecting Air Compressors 
Wet Slurry Process 
Wet-cell Batteries for Power 
Societies Offering Standards 
Sprayed Reinforced Plastics 
Dimensional Analysis . 
Damping Tapes 
Molded Reinforced Plastics 
Selecting Electrical Connectors 
Engineering Organization 
The Engineer’s Bookshelf 
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rolls your 


ring troubles away — 


Closeup of ring rolling, showing edging roll and portion of ring. 


« 
ROLLED 
STEEL 


Your choice of diameter and cross-section —complete, modern rolling, heat- 
treating and machining facilities enable us to produce steel rings with precise 
accuracy ... in a large range of sizes and wide variety of cross-section shapes. 
Sizes are from 5 in. to 145 in. in diameter; shapes may be simple or complex. 
Edgewater rolling process minimizes finishing operations . . . provides rings of 
maximum strength, toughness and uniformity. 


Meeting your specifications —sena us your 


drawings. We can furnish rings to closest tolerances 
or recommend revisions that will give you the best 
combination of performance and economy 


Edgewater Steel Company 


P. O. Box 478, Dept. PE Pittsburgh 30, Pa. 
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MOLDED 
FIBER 


GLASS 


products cost 
atoMuilela-Bieleloh 
than they did 


ten years ago 


Some even cost less. 
Yet without exception, 
they're better products now: 
. Stronger pound for pound 
than steel 
.. impact resistant, tough 
. lightweight, beautiful 
. rust and corrosion resistant 
. dielectric 


Beautiful, transiucent 
lamp shades 


Strong, light- 
weg 
business 
machine 
housings 


Rust and 

corrosion- 
resistant 
planters 


Continuing research at the 
Molded Fiber Glass Research 
Laboratory is the reason why, 
in the face of constantly rising 
costs, MOLDED FIBER GLASS 
products are continuing to im- 
prove, and continuing to hold 
the price line. 

Shouldn’t you investigate cus- 
tom molding by MOLDED 
FIBER GLASS? 


Molded 

Fiber 

Glass 

Company 

4423 Benefit Ave., Ashtabula, Ohio 











INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 
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After reading the advertisement 


be 


Actuators 
Mechanical 

Adhesives 

Assemblies 
Hydraulic 


Bars 

Metal 
Bearing Materials 
Bearings 


classified below 


these products can be obtained by using the 


ll, 72- 
80 


Ball .... 6, 38-39, 


Jewel . 
Miniature 
Roller 
Bolts 
Books 
Brazing 
Alloys 
Brushes, Electrical 
Bushings 


Carbon 
Castings 
Chains 
Bead 
Chromium Alloys 
Collector Rings 
Copper & Copper Alloys 
Couplings 
Hose : 
Hydraulic 
Mechanical 
Tube 


Deep Drawing 
Drives 
Variable Speed 


Engines 
Extrusions 
Metallic 


F 


10, 38-39, 
72, 
68 - 


Fabricated Plastics (see Plastics, 


Fabricated) 
Fastening Methods 
Fibre : 
Fibre Glass 
Fittings, Hose, Pipe a Tube 
Fiexibie Shafts . 


G 


Gaskets 
Gear Motors 
(see also Motor Reducers) 
Gears 
Graphite 


Hinges 
Hose & Tubing 


Indium 


Jewels 
Joints 
Universal 


MORE DETAILED INFORMATION a 
READBR SERVICE CARD 


i Level Controls 


M 


Metai Forming 
Moldings 
Powdered Metal (see Powdered 
Metal Parts) 
Motors, A-C 
Fractional 
integral 
Motors, D-C 
Fractional 
integral 


4th Cover 
4th Cover 


4th Cover 
4th Cover 


Packings 

Pillow Blocks 

Pinions 

Plastic Parts 

Powdered Metal Parts 22-23, 
Pulleys 

Pumps 


Liquid 2nd Cover 


Rivets 
Rod Ends 
Rubber 


Screws 
Seals 3rd Cover, 72, 
Shapes, Roll Formed 
Sheets 
Metal 18 
Silver Alloys 
Specialty Fasteners (Pipe Hangers, 
Special Cold Headed Parts, et« 
Speed Increasers & Reducers 
Spinning 
Splines 
Steel 
Alloy : 
Carbon 
Stain'ess “be. 
Strip, Metallic . 18 is’ 72- 
Switches 8 


Tube Fabricating 
Tubes 
Tubing 
Seamless 
Welded 


Vaives 
Air 
Hydraulic 


Washers 8 
Wire 18-19, 72 
Wire Cloth 2 
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INDEX TO 
ADVERTISERS 


This index published as a 


convenience to the readers 


Every care ts taken to make ét accurate but 


PRODUCT ENGINBBRING assumes no responsibilities for errors or omianions 


~ 


A. P. M. Corp 

Aeroquip Corp. 

American Brass Co 
American Cast Iron Pipe Co 
Armco Steel Corp 


Bead Chain Mfg. Co., Inc 
Beaver Precision Products, inc 
Bird Co., Inc., Richard H 
Boston Gear Works 


c 
Continental Diamond Fibre Co., 
Budd Co 
D 


Con-Veil Div 37 
de Nemours & Co., . 
Elastomers Dept 33.36 


Eastman Mfg. Co 13 
Edgewater Stee! Co 91 
Emerson Electric Mfg. Co 4th Cover 


G 


Packing Co 
Works 


Dana Corp., 
du Pont 
g. 


Garlock 
Gleason 
H 
Halogen Insulator & Seal Corp 
Handy & Harman 
Hi-Lo Mfg. Co 
I 


of America 


J 
Janette Electric Mfg. Co 
Jones & Laughlin Steel Corp., 
less & Strip Div 


Corp 


K 
c. B 


L 


Kaupp & Sons, 


LaSalle Steel Co 
Link-Beilt Co 


M 


McGraw-Hill Book Co., inc 
Malleable Castings Council 
Molded Fiber Glass Co 


N 


National Machine Products Div., 
Standard Pressed Stee! Co 

National Seal Div.,  aremiecagh Mogul- 
Bower Bearings, In 3rd Cover 

New Hampshire Ball Bearings, Inc 

Newark Wire Cloth Co. 28 


P 


Philadelphia Gear Corp 
Pittsburgh Steel Co 


Raybestos-Manhattan, Inc 
Adhesive Div 
Manhattan Rubber Div 
Packing Div 

Republic Mfg. Co 

Rockwood Sprinkler Co., 
Div 


Ball Valve 


s 


Seaimaster Bearings Div., 
Adamson Mfg. Co 
Soss Mfg. Co 
Stephens-Adamson 
master 
Superior 


Stephens 


Mfq Co., 
Bearings Div 
Carbon Products, Inc 


T 


Tecumseh Products Co., 
Torrington Co 


Seal 


Engine Div. 
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U. S&S. Graphite Co. Div 
Wickes Corp 


Vv 
Vellumold Co. 


w 


Warrick Co., Charies F 

White Dental Mfg. Co., S. S., (In 
dustrial Div.) 

Willys —— Inc., 
gine Dep 

whiverine. Pisin. Div 
Heica, Inc 

Worthington Corp. 


industrial En 
Calumet & 


2nd Cover 
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RUSSELL T DOUGLAS business manager 
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SUBSCRIPTIONS. Send subscri 
and change of add 
PRODUCT ENGINEERING, 
York 36, NY. Subscribers should notify Fulfill 
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ing postal zone number, if any. If possible 

an address label from a recent issue of the maga 
azine. Since copies are addressed one to two issues 
in advance, please allow one month for change of 
address to become effectiv Subscriptions are 
solicited only from executives, engineers and con 
‘uUltants engeged in the design of machinery and 
other engineered products. Position and compan) 
connection must be indicated on subscription orders 


jon correspondence 
Allment Manager, 
330 ‘W 42nd St . 
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Hi-Lo Load-0-Matic Control 
Eliminates Pulley Slow Down 


Hi-Lo Variable Speed Pulleys 


positively maintain the desired 


speed ratio over a wide range of 


load variation by means of an 


exclusive cam and cam follower 


assembly. This means 


Pulley speed is independent of 


load and load changes “Drag” is 
eliminated and high shock absorb- 


ency provided 


belt 
Springs 


Pulleys do not compress 


due to spring pressure 


ire not driving members. They 


act only to keep pulley faces in 


contact with belt 
Pulleys automatically regulate 
belt 


issembly, 


se« ause ol 


tension the cam 
belt is never under more 
tension than required by the load. 

Double cams maintain constant 


belt alignment 


HI-LO PULLEYS COMPARED 
TO OTHER VARIABLE SPEED PULLEYS 


[MELO PULLEY 
—? .— et 





CONVENTIONAL SPRING bs 
LOADED PULLEY 
ge Beste. 
! 2 2 4 5 + 7 
LOAD AT TORQUE ARM, POUNDS 
PLUS THESE OTHER FEATURES: 


Smaller in size than comparable units, 


Quickly and easily installed 

Replaceable face assemblies drastically 
cut repair ond replacement costs 
Available in sizes from .5 to 5hp 


6.25/1 


ratios 
to 2.5/1 (single pulley) double 
pulley). 

Request details and prices 


A.458 


Ask for 


Bulletin 


Nationally 
LOVEJOY 


4993-H W. Lake St. 
Chicago 44, Ill. 
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Distributed By 
FLEXIBLE 
COUPLING COMPANY 


iF A MINIATURE or INSTRUMENT BEARING 1S NEEDED -. 


Wes dete Wie cdaddind Petdeccntens ot yout vps 
Hampshire maintains a full line of miniature and instrument — 
bearings for research and development, prototypes and re- 
placements at all regional offices. (Production quantities are 
shipped direct from our main plant.) NHBB sales engineers 
are — on ‘om to S-oeegg your ee needs me: 


IS THE SOUP! 


RETAINER BEARINGS QUALITY PERFORMANCE ... 


Retainer Bearne LHS is One of the most frequently specified 
soln types for instrument applications. Available 


is in direct relation to quality of production. Al/ 
New Hampshire bearings are made to ABEC-7 
with newly designed crown retainers. This tolerances or better. The result is improved run- 
design permits even ball spacing, low torque, ning qualities for all users . . 
and most consistent performance. Over /50 In addition 
standard types and sizes are listed in our 
Design Manual. 


. at no extra cost! 
. rigid quality control during manu- 
facture and continuing research enables New 
Hampshire to maintain leadership in our field . 

to supply you with the finest bearings for your 
needs at the lowest cost. 


Retainer Bearing 
Flanged 


Retainer Bearing 


Shielded SIZES 


(Available in a wide selection of 
combinations within the following ranges) 


Retainer Bearing 


Flanged & Shielded BORE 0 D. WIDTH 
1562 0625 
6250 .1960 


EXTENDED INNER RINGS... 
available on all above types 


IMMEDIATE DELIVERIES FROM STOCK... 


(For research & development, prototypes, and re- 
placements) are made from our three regional offices 
as well as the main plant. Bearing specialists are on 
hand to help you plan and specify. Call your nearest 
office collect for fast service 

NEW HAMPSHIRE BALL BEARINGS, INC 
51 Cutter Mill Road 


GREAT NECK, NEW YORK 
HUnter 2-8633 TWX: 1421U 


566 Northwest Highway 
DES PLAINES, ILLINOIS 
VAnderbiit 7-6646 TWX: 1642U 


FULL BEARINGS 

Specified for applications requiring maxi- 
Y mum radial load capacity. Not suited to low 
torque requirements. Over 2/ standard types 
and sizes. 


1540 North Highland Avenue 
HOLLYWOOD 28, CALIFORNIA 
HOliywood 4-0208 TWX: LA 933U 


(main plant) 
PETERBOROUGH, NEW HAMPSHIRE 
WAlinut 4-3311 TWX: 209U 


Full bearing 


(Available pl 
orflanged) ___ BORE 0.0 
Min. |  .0250 


SiZEs oe Mar. | 3125 


NEW 
DESIGN MANUAL 


Newly revised and expanded, this 
» authoritative publication is a guide 
») to designing around, specifying 
and purchasing of miniature and 
instrument ball bearings. Compre- 
hensive general information, cata- 
~ log data, and engineering bulletins 
are included in the 100-plus pages. 
A personally registered copy is 


WIDTH 


| 1000 | 0312 
5000 1562 


UP and WAFER BEARINGS 
[YA ~Expressly designed for use in synchros, servos, 
ZG: small motors, potentiometers, and gear trains. 
Widths are significantly narrower than standard 
to allow more room for rotors and stators. 
Available in 16 types and sizes. 


SIZES: BORE 0.D. 





T 
+ 
| 

.. — = 


we 


WIDTH 


A wafer 





bearing 
compared 


Min. 


.0550 


1875 


047 





with standard 


Max. 





equivalent 





-1875 


4375 








-1094 
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BALL BEARINGS, 


available to qualified engineers, 
draftsmen, and purchasing 
departments. 


For your free Design and Purchasing Manual, write or call any 
New Hampshire Office. 


PETERBOROUGH, N. H. 
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USE THESE CONVENIENT CARDS FOR A 


EDITORIAL REPRINTS AVAILABLE 


(Single reprint free — quantity prices on page 91 


P20—REINFORCED PLASTIC SPRINGS 
—111/9 

P21—MECHANICAL RELIABILITY— 
11/16 

P22—HIGH-TEMPERATURE REIN- 
FORCED PLASTICS—11/23 

P23—-ENGINEERING APTITUDE 
TESTS—11/30 


P24——MULTI-VARIABLE EXPERIMENTS 
SIMPLIFIED—12/21 


P25—RESERVE STRENGTH IN METAL 
PARTS—12/21 


P26—-CAM CONTROL AIDS 


PLANETARY GEAR—1/4, 60 
P27—STEP SHAFTS—1/11/60 


P28—FLUIDS FOR POWER & CONTROL 
—1/18/60 


P29-—-WHEN FUNGI 
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DON’T BE LOW MAN ON THE ROUTING LIST! 


Have your own persona 


ice 


subscription to 


to your or home You are the 


Further, each year of your 


thick Design Digest issue to r 


1 year—NOW $3 


Payment enclosed 


Bill me 


Home 
Address Office 


City 


Company Name 


you wil 


U.S. only” 


PRODUCT ENGINEERING sent each week 


sure that you wont miss a 


weexkiy issve 


single 
nave your copy of the anr 


reter to tor years to come 


2 years—NOW $4 


‘Canada 
1 year—$5 
2 years—$8 
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P32—5 WAYS TO SELECT CHARGE 
GEARS—2/15/60 


P33—HOW TO DESIGN AGAINST 
TAMPERING—2/ 22/60 


P34—INTEGRALLY-SEALED BALL 
BEARINGS—2/29/60 


P35—20 APPLICATIONS FOR SCREW 
THREADS—2/29, 60 


P36—RESIN-BONDED WOOD 
COMPOSITIONS—2, 29/60 


P37—FOUR TYPES OF VIBRATORS 
3/7/60 


P38-——FASTER WAY TO SET STATIS 
TICAL TOLERANCES 


P42—7 STEPS TO BETTER ORAL 
REPORTING 


NEW CATALOGS 
AND BULLETINS 


GENERAL ENGINEERING 


METALS AND ALLOYS 


NON-METALLIC MATERIALS, FINISHES 


| 


FABRICATION PROCESSES AND 
PRODUCTION 


POWER TRANSMISSION 





WEALTH OF VITAL INFORMATION ... 


NEW COMPONENTS 
MOTORS, ENGINES AND CONTROLS 


GENERAL ENGINEERING 


4 


METALS AND ALLOYS 
ELECTRICAL, ELECTRONIC 


COMPONENTS 


NON-METALLIC MATERIALS, FINISHES HYDRAULIC, PNEUMATIC EQUIPMENT 


POWER TRANSMISSION 


MECHANICAL PARTS 
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Company 
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MECHANICAL PARTS 





FASTENING AND JOINING 


1 


MOTORS, ENGINES AND CONTROLS nae 


Please print or ft 

Name 

Company 
ELECTRICAL, ELECTRONIC 
COMPONENTS 


Street 


City 


19 
33 


HYDRAULIC, PNEUMATIC EQUIPMENT o>. 
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More information on advertised products 


More data on new materials and components Get 
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Free edito-ial reprints Com lete 
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In Titan’s first and second stages 











Aerojet-General solves sealing problem on 


Zero to 3,800 rpm in 1 second, on 1” band 114” 
shafts. Synthetic-base lubricant to retain. Mag- 
nesium housing. Operating temperatures —65° 
F to 300° F. Utmost dependability an abso- 
lute essential. These are typical of operating condi- 
tions in the turbopump gear boxes of the first and 
second stages of the Titan missile. 


Aerojet-General and National Seal engineers an- 
swered the shaft sealing problem on the 3,800 rpm 
shafts by adapting a standard-design National Oil 
Seal. The seal’s outer case is aluminum for light 


shafts accelerating 0 to 3,800 rpm in 1 second 


weight and to match closely the coefficient of expan 
sion of the magnesium housing. The tensioning spring 
is stainless steel, unaffected by synthetic lubricants. 
The single-lip sealing member is a specially com 
pounded Buna N synthetic rubber, specifically de- 
signed for use with the synthetic-base lubricant 


National offers over 2,500 different standard design 
oil seals; provides special seals for special applica- 
tions. For complete information or sealing engineer- 
ing assistance, call your National Applications Engi- 
neer. He’s listed under Oil Seals, in the Yellow Pages. 


NATIONAL SEAL 


Division, Federal-Mogu!-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Downey and Redwood City, 


California. 
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For eggs, there is no finer production 
facility than a hen. And, for pro- 
duction facilities unrivaled in the 
appliance and equipment motor field, 


look to Emerson- Electric. 


Remember . 


® Emerson-Electric’s unique produc- 
tion facilities assure you on 


deliveries. 


a We produce custom 


motors to suit your specific nee l 


Put more than 65 years of 
experience to work for you. 
Call, wire or write Dept. EE-21 
today. The Emerson Electric 


Mfg. Co., St.Louis 21, Mo. EMERSON-ELECTRIC of St.Louis « Since 1890 
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